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PREFACE 

TO THE LONDON EDITION. 



Tar ART or measuriits, like all other useftQ inven- 
tioas, appears to have been the ofispring of want and 
necessity ; and to have bad its origin in those remote 
ages of antiquity, which are far beyond the reach of 
credible and authentic history. Egypt, the fruitful 
mother of almost all the liberal sciences, is imagined 
likewise to have given birth to Gbombtry or MfinsimA- 
' TioiT ; it being to the inundations of the Nile that we 
are said to be indebted for this most perfect and de- 
lightful branch of human knowledge. 

After the overflowings of the river had deluged the 
country, and all arUficial boundaries and land-marks 
were destroyed, there could have been no other method 
of ascertaining individual property, than by a previous 
knowledge of its figure and dimensions. From this cir- 
cumstance, it appears highly probable, that Geometry 
was first known and cultivated by the ancient Eejp' 
tians ; as being the only science which could administer 
to thdr wants, and nimtsh them with the asdstance 
they required. The name itself signifies properly the 
art of measuring the earth ; which serves still further to 
confirm this opmion, especially as it is well known that 
many of the ancient mathematicians applied their 
geometrical knowledge entirely to that purpose, anfl 
that even the Elements of Euclid, as they now stand, 
are only the theory from whence we obtain the rnlea 
and precepts of our present more mechanical practice. 

But to trace the sciences to their first rude beginnings, 
is a matter of teamed curiosity, which could aftbrd 
but little gratification to readers in general. It ia of 
much more consequence to the rising generation to be 
informed that, in their present improved state, they are 



exceedingly useful and important. And in this respect, 
the art I have undertakeD to elucidate is inferior to 
none, arithmetic only excepted. Its use in most of th« 
different branches of the Mathematics is so geoerai 
and extensive, that it may justly be considered as the 
mother and mistress of all the rest, and the source from 
whence were derived the various properties and pria 
ciples to which they owe their existence. 

As a testimony of (his euperior excellence, I need 
only mention a few of those who have studied and ini- 
proved it; in which illustrious cataii^ue we have the 
names of Euclid, Archimedes, Thales, Anaxagoras, 
Pythagoras, Plato, Apollonius, Fhilo, and Ptolemy, 
amongst the ancients : and Huygens, Wallis, Gregory, 
Halley, the Bemouillics, £uler, Liebnitz and Newton, 
amongst the modems ; all of whom applied themselve* 
to particular parts of it, and greatly enlarged and im- 
proved the subject. To the latter especially we are 
mdebted for many valuable discoveries in the higher 
branches of the art; which have not <m\y enhanced - 
its dignity and importance, but rendered the practical 
applicatioQ of it more general and extensive. 

The degree of estimation in which the att was held 
by these, and other eminent characters, will, in gene- 
ral, it is apprehended, be thought a sufficient encomium 
on its merits. But, for the saKe of young people, and 
those of a confined education, it may not be amiss to 
give a few more instances of its advantage, and show 
that its importance in trade and business is not inferior 
to its dignity as a science. Artificers of almost all de- 
nominations are indebted to this invention for the estab- 
lishment of their several occupations, and the perfec- 
tion and value of their workmanship. Without its 
assistance, all the great and noble works of Art would 
have been imperfect and useless. By this means the 
architect lays down his plan, and erects his edifice ; 
bridge! are built over lai^ rivers: ships are caa- 
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■tructed; and property of all kinds la accurate^ mea- 
nired, and justly estimated. In short) most of the 
el^ances and conventeoces of life owe their existence 
to ^lis art, and will be multiplied in proportion aa it ia 
well understood, and properly practised. 

From this view of the subject, it is hardly to be ac- 
counted for, that, in a commercial nation, like our own, 
an art of such general application should have been M 
greatly neglected. Mechanics of all kinds, it la well 
known, are but ill acquainted with its principles ; and 
those who have been the best qualified to aobrd them 
any as^tance, have thought it beneath their attention. 
Till within a few years past, there could not be found 
a regular treatise upon this subject in the English 
language. Some particular branches, it is true, had 
been greatly cultivated and improved ; but these were 
only to be found in their miscellaneous state, inter- 
spersed through a number of large volumes, in the 
possesion of but a few, and in a form and language 
totally unintelligible to those for whom they were 
more immediately necessary. 

Dr. Button was the first person, in this country, who 
undertook to collect these scattered fragments, and to 
treat of the subject in a scientific, methodical manner. 
A small treatise by Hawney, and some others of little 
note, had indeed been long in the hands of the public; 
but these were extremely defective, both in matter and 
method; neither the principles nor practice of the art 
bmg properly or clearly explained. Before the publi- 
catbn of the treatise above mentioned, Mr. Robert- 
son's may be considered as the only book, of any value, 
that could be consulted, either by the artisan or mathe- 
matician; and had he given the theory aa well as the 
practice of the art, and divested his rules and exam- 
ples of their algebraical form, there would have been 
tu> want of any other elementary treatise. 

To these two writers I am greatly indebted for many 



things in the ibllowmg pages, and am ready to acknow* 
ledge, that I have used an unreserved freedom in se 
lecting from their works, wherever I found them to an- 
swer mj purpose. To Dr. Uutton I am particularly 
obliged, and am eo far from desirinf; to supersede the 
use of his performance by this publication, that I only 
wish it to be thought a useful mtroductioo to iL Hb 
treatise is excellent in its kind; and had it been at 
well calculated for the use of the uninformed Artiit as 
it is for tbe Mathematician, the following compendium 
had certainly never been published. 

The method 1 have observed in composing this workf 
is that which was used in the " Scholar't Guide to Ariik- 
Vtetic;" and, as my object has been to facilitate the 
acquirement of the same kind of useful knowledge, I 
am not without hopes of its being received with equal 
candor and approbation. 

In school-books, and those designed for the use of 
learners, it has always appeared to me, that plaiu and 
concise rules, with proper exercises, are entirely suffi- 
cient for the purpose. In science, as well aa in morals, 
example will ever enforce and illustrate precept; for 
this reason, an operation, wrought out at length, will 
be found of more service to beginners than all the te- 
dious directions and observations that can possibly be 
given them. From constant experience 1 have been 
confinned in this idea, and it b in pursuance of it that 
I have formed the plan of this publication. I have not 
been ambitious of adding much new matter to the sub- 
ject : but only to arrange and methodize it in a man- 
Ber more easy and rational than had been done before. 

The text part of the work contains the rules in words 
at length, with examples to exercise them ; and, in or- 
der that the learner may not be perplexed and inter- 
rupted in his progress, the remarks and denrKmstrations 
are confined to the notes, and may be consulted or not, 
da shall be thought necessary. To those who would 
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wiah not to take things upon tnut, but to be acquabted 
with the eroundB and Tolionale of the operations tbejr 
perform, tney will be found extremely lerviceable: 
and for tfaia purpose I have endeavored to make them 
as easy as the nature of the subject would admit But 
they can be consulted ooly by such as have made a 
previous acquaJBtauce with several other branches of 
mathematical learning 

Some <rf the most ffifficult rules relating to the sur- 
faces of solidi, &C. could not be conveniently given, 
but by means of algebraical theorems ; and as this was 
fbreign to my purpose, I have not scrupled to omit 
them ; being well persuaded that what is done upon 
that head will be fully sufficient to answer most practj* 
ca! purposes. In the Practical Geometry, likewise, 
which is prefixed to this treatise, such problems only 
are introduced as were known to be most intimately 
connected with the subject. And as this part of the 
work is a proper and necessary introduction to the rest, 
I have spared do pains in making it as clear and intel- 
ligible as possible. 

XJpoa the whole, I have endeavored to ccMisaU the 
wants of the learner, more than those of the man of 
science. And if I have succeeded in this respect, n^ 
purpose is answered. I have not sought for reputatioo 
as a mathematiciaQ, but only to be useful as a tutor, 

N. B. The favorable reception this work has met 
with, baa induced me in thu edition to make such 
alterations and additions as have since occurred to me, 
and which are such as I hope will render it still more 
acceptable to the public. 

Boyal Academy, Wot4wuAf 
Jol; 14, 1807. 
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ADVERTISEMENT. 

tvt &TOiinbla neeptioa and gnat demand for Bohvtou- 
Tu'a HssiDEATioii and Pucnou GaoHcnr, tinea it* Ant 
poblicatloii in tliia counUy, indaced me to pi^lUh tba praamt 
•didon, which coDtaiu not onlj the wholo of that TBlaaUc 
voik, but all that is moit uteful in HuUon, Hiiwnej, Ingraai, 
ud odier modern worki on the tame tnbject, 

To thii edition i* alto added an aiticle on MicBunca tnd 
CrMAHict, containing the principal problema in BrunM't M^ 
cAanieti — that is, Fblling Bodia; the FaubUum/ the Zeur, 
Oe Whtd and Jxk, the P^Ueg, the ineUned Plant, lite Wedgt, 
mtd tie Satw, which am OBually called the dx Metkanieal 
Peutrtr Vtioeily of Wheeiti SItam Enginei Water WhutUi 
and i*unuw. 

JAMES RYAN 

Amb Yak, Od. Itt, 1838. 
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HJFFEBSNT MEASURES VSEH IN THIS VOBX. 



Idjitat Mauura. 
19 incbei nuka 1 fbot 

3 feet lyarA 

6 ten 1 AUhmi. 

lS|teel,<iri U pole, 

Si yuiM, \ for rod. 
40 polei I ftirlong. 

B iorloDfj ... 1 mils. 



14i incbn make 1 StoL 

9 teet lyud. 

36 feet 1 fttbam. 

ST31 feet { U pole 
or 30} ;d*. ( ) or rad. 

1600 polee 1 tai]aat. 

64 turkiCL^ . . 1 mile. 



Note. — llie cbaJD made use of in meaauiiog land, cota- 
moDlf called Gunter's chain, is 4 poleH, or 22 yards in 
length, and consiats of 100 equal links, each link being ^^ 
of B 7aTd=.66 of s foot, or 7.92 inchea long. 

An acre of land is also equal to 10 square chains ; thit 
U, 10 chains in length, and 1 in breadth ; or it ia 4S40 
square yards, cv 160 square poles, or 100,000 square links. 

Note alfo that in Land Mooora, And in Calnc Meainre, 

40 perohe», or ( ■ . , „^ I 1788 bcbea make 1 fbot. 

^narepoleei""^* "** 27 feet 1 ywd. 

4roodi 1 acre. | 166| jirda 1 fiAa. 

Other Mtamrtt. 

383 cnlae indtei make 1 giUon ale DMamre. 

331 1 gaUoD wine DHvaare, 

HGSi 1 salloD dry meuBm 

128 cubic ftet, OT 6 feet in length and / loordofwood. 

4 in bteadlh and 4 in height ("^ oordofwood. 

344 cobic feet, or 16) feet in length, I , _.„. . .,_„ 

li in breadth, and 1 in h^ti"^P*^ '*■'««• 
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A TREATISE 



THE ART OF MEASURING. 



INTRODUCTION- 



DECIMALS. 

It the nameratoT and deaominatflr of a fraction be multi* 
plied or divided by anj number, ite v>lue will n«t be alter* 
ed ; thus, 4=j^, J—t^V t1t=-t^w' •""* ■" <">- Henco, 
it IB evident, that we can reduce a fraction to another eqni* 
f alent one, having a given denominator. It likewise fol- 
low*, that a fraction may be reduced to another equivaleni 
one, whoie denominator shalt be 10, or some number pro- 
duced by the continued mnltipli cation of 10, by annexing 
ciphers to the numerator and denominator, and dividing 
both (with the ciphers annexed,) by the original denomi- 
nator. 

ThuB, the fraction i=^i and dividing both the namei^ 
lor and denominator of the fraction -^ by B, the original 
denominatof, we should have ^>kX. 

Again, the fraction ^»^r> ^i^d dividing both the nu- 
jnerator and denominator by 4, we shall have i%%=-f^ 
AIbo, j'=|^£; and dividing both the numerator and deno* 
minator of the fraction j%%^ by 8, the original denominator, 
we shall have ijoo^^s^; hence J— ^^, and ao on. 

FnMioni whesa densminators us 10, 100, 1000, kvt 



■ra called dtetmal frattioni i and when iheia ftactioni'art 
written witboat the denominator, they are aaaally caUed 
dteimaUj and lo denote the value of m decimal, a point it 
prefixed to aa many figarea of the nwnerator aa there u« 
dphera in the denominator. 

Thua, the decimal fraction -J^ ia written .2, the decimal 
fraction -j^^ ia written .25, the decimal fraction -|V^ <■ 
written .375, and ao on. The expreaaiona .2, .SS, .87Ci, 
Ae. are called decimala. Hence, it ia evident, thai the 
fignrea next the decimal point indicate tentha, the next 
figure hundredths, the next thousandths, and ao on. 

The decimal .2 ia read ttoo-tenthi; the decimal .2S ia 
lead twenty-five kimdrtdtht ; the decimal .87S ia read nght 
hundred ma levenly-five thmuandthtf and ao on. 

Since ^ = T^=T^ = .ftp^ and M on; .2-.20- 
.SOOb.SOOO, &c. therefore the value of a decimal u not 
riianged by annexing a cipher to the end of it, nor by taking 
one away. 

If there be not as many fignrea in the nameralor aa there 
are ciphers in the denominator, ciphera most be pnt in tba 
place of tentha, hundredths, &c.; thus, y^ ia written .02, 
tI^ ia written .026 j and Tm^T ^ written .00003 ; and 
>o on. 

' Hence, the vatut ofAgttret in decimali are diminhhed in 
the tame ratio from the decimal point tou>ard» the right, aa 
tohole numbers are inereatedfrom the right totoardt the left. 

When the fractional part of a mixed number is reduced 
to a decimal, the decimal part ia separated from the whol« 
number by a decimal point. 

Thus, 3^:^ is written 3.75 ; 4^^ is written 4.005 ; and 
■oon. 

' From what has been already observed, it ia plain, that 
any fraction may be reduced lo a decimal by adding et- 
phert to the numerator and dividing by the denominator. 

Thus, the fraction ,Vs is reduced to .05, by adding two 
dphers to 35, and dividing the expression 36.00 by 700 ; 
aa there are no tenths, a cipher is put in the place of tenths ; 
ao that the decimal equivalent to the fraction y^^ is five 
Inmdredths. 

Again,~the fraction ^, reduced to a decimal, is equiva* 
lent to .080808, and ao on; here there would still be a le- 
tn^nder, and it is also evidtnt that the decimal would never 



; in which cue, it is only neeeBnry in moM eal- 
eulaliflnf \a uu six or aeven fignrea of the decioialfl, 

A qUtM^ of one denominatum may be reduced to tkt 
dtcmai uf another qaantity of the tame kind, but of a dif- 
ferent deftominaiion, by first expretiing tho ratio of Iho 
former to the latter ty a common fraction, and thin re- 
dudng the fraction tku* formed to a dedmoJ. 

For example, 2 nails ia the -^ of a. jaii, or i of a yard, 
which reduced to a decimal is eqnivtdent to .195; hence, 
S nail* i> the 126 Ihoutandthi of a yard. 

The reduction of a fraction to a decimali or of one quan- 
tity to the decimal of another, ia luually called reduction 



Examples m Seduction of Deeimalt. 

Example 1. What decimal of a foot is 9 inohee 1 

Here, 9 iDcbea is the -^ or j of a foot; which, reduced 
to a decimal, is equivalent to .75, or 76 hundredtlu. 

Ex. 3. What decimal of a ysrd ifl Z feet fl inches T 

Here, S feet 6 inches is the U or f. of a yard, which, re- 
duced to a decimal, is .833333, &c. This is a repeatii^ or 
circulating; decimal, never terminating. 

Ex. S. What decimal of an acre or 160 aqnare polei, u 
S roods and 16 square poles I 

Here, 2 roods and 16 square poles is the ^^ or } of n 
acre, which, reduced to a decimal, ia .6 or 6 tenths. 

Ex. 4. What decimal of a cubic foot is 144 cubic inches t 

Here, 144 cubic inches is the ^^ or ■]>, of a eobic foot ; 
and -Y^, rednced to a decimal, ia equivalent to .083333, dec. 
being a repeating decimal. 

Ex. 6. Reduce 8 feet 6 inches to the decimal of s mile. 
JJmwer, .0016098. 

Ex. 0. Reduce 2 feet S incbea to the decimal of a yard. 
Jim. .806666. 

Ex. 7. Reduce 61 yards to the decimal of a mite or 1700 
yards. ,Sns. .003186. 

Ex. 8. Rednce 4| miles to the decimal of 40 miles. 

.Ons. .1125. 
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Htiei <^ a higher dmommttfion to a bvftr, obttrviHg, <^ltr 
each mtUHpkeation, to jtomi off for dtdntaii a* mamg 
figtiret totvarda the right a» there were figure* in Ike given 
deeimat. Thefigurei on the left hand of the decimal potiUt 
will be the whole numberi required. 

For example, .3945 o( a day ii eqnal to the frtctim 
jy y^ ^ of a day, which, expreMed at th« fraction of an hOvT, 
W ^jWrXa4-Hm- ore hour* and -f^^ of an hour; but 
^%V^ofanhouri8^^'^x60ofaminute,or^Vj^,whio!i 
IS equal 28 minutea, -rjjfr of a minute; again, this fraoUoa 
<rfamimite in equal to .j|!^x60of a iecond, ot f|«J, 
wiiicb is equal to 4 wcchku, and ^-g at a aecond; bd that 
the decimal .8946 of a daf is equal to 9 hours, SS minuteit 
4yV aeconds. From thia it appears that pointia? off tha 
decimals serves the same purpose as diriding by uie deno* 
miaatori thus, 

.8945 dajr 



0.4680 hours. 

60 
28.0800 minutes. 
Examplee in finding the vtduet ofDtcinudi 
Ex. 1. Required the value of .37S of a yard. 

Am. 1 qr. 2 nailn. 
Ex. 2. It«qnire(l the value of .625 of an acre. 

Mna. 2 rooda, 20 p<ries. 
Ex. 3. Required the value of .876 of a mile. 

Ana. 1 furloqgi. 
Ex. 4 Required the value of .2385 of a degree. 

Aiu. 14' 18" 3« tbirda. 

ADDITION OF DECIMALS. 

The addition of deeimala ia performed like that of whote 
mumbera, obaervtng, however, to arrange the mtrmera ao 
that the teparalingpointamau be in f he aame column} thai 
is, the tenths nnder tenths, the aaadrodifaa under huadisdtbi, 



For instajice, the deciroali .671, .8T3| . 
.0076i being arranged u foUowa: 



.007& 

l.BB3ft 

their sninia found to be 1.6S3S; the reason of the arrann* 
ment is evident, since those figniies are added together which 
■re of the same local value. 

Again, the inin of the numbers 3.5, 7.006, 4.326, .0008, 
■nd 1.000007, which contain whole units, is fomid in like 
er, thus: 

3.5 
7.005 
4.326 
.0003 
1.O00007 



Sum )6.S30307 
Examptet in Addition of Deeimalt. 



Kz. 2. Required the sum of 3.764, 47.6, .00867, and 
.87.5. Ans. 88.76367. 

Ex. 3. Required the aum of 54.34, .376, 14.795, and 
1.6. An». Tl.OI. 

Ex. 4. Required the aum of 37.6, 43.75, 66.25, and 
87.6. An$. 236. 

. Ex. 5. Required the sura of .375, .625, U)S26, .1875, 
.SI35, .4375, .005, .9475, and .0075. Ant. 3.SB. 

The Subtraction of Deeimalt it performed in Ike tamt 
manner aa thai o/tonole numbers; obiermng to ptaee each 
Jigure of the leit bdota a figure of the tame local value in 
the greater. 

For instance, let the difference of .8766 and 13S6 be 
required : the decimals being arranged thus : 
A3 



.2629 
Ibeii difference will be .3529. 

Agmin, let .TB62 be taken rrom .B2 ; by annexing clpbwi 
lo the greater and amuiging the numbera thai ; 

.8206 

.7803 

.0688 
ve shall find the difference to be .0638 : it must be ob- 
MTTed, that the value of a decimal ie not increaaed not 
decreased by annexing ciphers to il ; for a fraction does not 
alter its valne by annexing ciphers to its namerator and 
denominator, thus ; ■^/ii=^'^'-^^^, and so on. Thi* 
is also evident from the decimal notaliont which is similsr 
lo that of whole numbers ; that is, the vsilae of the decimal 
,83 is 8 tenths and 2 handredlhsi the value of the deeimal 
,830 is also the same, being 6 tenths 3 hnndredlhs and 
ihonaandths ; and so on. 

Examptet in Svbtrantion of Deamalt, 
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Exmnpk* in Mvitiptieation f^Dtcimalt. 
Ex. 1. Multiply 8.126 by 2.76. Jlns. B.S8375 

Ex. 2. Mullipljr 70.20 by .459. Jim. 36.3767C 

. Ex. 8. Multiply .186272 by .00425. ^nt. .000674906. 

Ex. 4. Multiply .004736 by .0376. ^ni. .0001776626. 
77ie Division o^ Dteimali it paformtd m tht same 
manner at that ofwhoh numbers, litU the dimdoid taust 
contain as many decimal Jigures as the divisor, if tut, 
dphers mast be annexed ; ana the decimals in the ^tiotitnt 
must be always egval to the excess of the decimal Jigurtm 
in the dividend above those tn the divisor, if not, apktn 
nmit be prefixed. 

For inatance, when the denominators of any two fractioiw 
are the same, their qooticnts are found by dividing their 
numeratora : thna, -rJf it'^tiW " fV»i to 29-i-9 ; Uial is, 
: hence .036-i-.005 ia equal to 6 ; that ia, a whole nunber. 

Again, ySj-i-y^ ia equal to ^^+YiV¥' ^^^'^^ " •^""^ 
lo 'J"ks76, hence to die decimal .3, the dividend, two 
eiphera must be added, in older to have as many decimal 
places as the divisor .004, before the division can be pei^ 
fomied. 

It likewise foUowi, that ^fy -t- -j^ ia equal to tWfe" *♦■ 
^^, which ii equal lo }J4 • "'i' ^7 reduction is equal to 
Mf, which may be written .76 ; hence, .376 -j- .6 a .76 ; 
uut is, the decimal 6gure in the quotient is equal to thft 
«xceaa of the decimal fignies in the dividend above thon 
in the divisor. 

Examples in Division of Decimals. 

Ex. 1. Divide .1342 by 67.1. ^ns. .003. 

Ex. 2. Divide 1.7144 by 1.5. .9m. 1. 142966. 

Ex. 8. Divide 24980 by 360. ^ns. 69.111, &c. or60^. 

Ex. 4. Divide 173.8 by .144. Jtu. 1200. 

Ex. 5. Divide .BB by 88. Jns. 100. 

Ex. 6. When the diameter of a circle is I the circumfs- 
rence is 8.14168 nearly; what is the diameter of the earth, 
■Hewing; its circumference to be 24BB0 miles ? 

Jnt. 7919.53666 miles, new^. 

Extraction of the Square Hoot. 

The square of the sum of two numbers is equal lo Um 

squares of the numbars with twice their product, Thns, tbo 



nqnare of 24 ia equal to the sqaares of 20 and 4 vith tvic* 
the product of 2D aDd4| that is, to 400+2x20x4+ 16m 
876. Here ia extracting the eecond root of 676, we tepk- 
rate it into two parta, SOO and 70. Thui, 600 cantaina 400t 
the sqaare of 20, with the remainder 100; the firatpart of 
the root is ikeieibre 20, and the remainder 100+70, or 176. 

New, according to the principle above mentioned, this 
nmainder iniiat be twice the product of 20, and the part of 
the roota gtill to be fonnd, together with the aquare of thai 
part. Now, diriding 176 by 40, the double of 20, we find 
Mr quotient 4 ; then thia part being added to 40, the tnm 
ia 44, which being mnltiplied by 4, the product 176, is 
•ridently twice the product of 20 and 4, together with th« 
square of 4. The operation may, in every case, be illu^ 
tnted in the aame manner. Hence the following rule for 
extracting the iquare root of any number, 

Ctfmmtndng at the unit figure, cut off period* of tun 
figure* each, till all the figures are exhaueted, the firH 
figure of the iquare root will be the tquare root of Ihefirtt 
period, or of the greatest tquare torUained in tt, if it In 
not a iquare iltelf. Subtract the tquare of thit figure from 
the firtt period ; to the remainder annex the next period 
for a dividend ; and, for part ofa divisor, double the part 
of the root already obtained. 7>y how often thit part of 
the divisor it contained in (he dividend wanting the last 
figure, and annex the figure thus found to the parts of lk£ 
root and of the divitor already determined. Then mtUtiply 
and subtract as in division ,- to the remainder bring dotm 
the next period; and, adding to the divisor the figure of 
the root last found, proceed as before. 

For initance, the square root of 106920, is found thus : 
Square. Soot. 
'106029 I 827 



82)169 
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If any thing remun, &rker continniiig the proceaa till ill 
the figures ia the given number hare been uaed, proc«e4 
in the same manner to find decimals, adding) to find each 
figure, two ciphers. 

If the root of a. fraction be required, let the fraction b« 
reduced to a decimal, and (hen proceed aa iu the extraotioi 
of the rootfl of whole numbers. 

ExamjileM in t^^racting the Square Soot. 
Ex. 1. Required the square root of 2j or 3.36. 

AnnotT, l.S. 
Ex. 3. Required the square root of 163399026. 

Am. 1SS46. 
Ex. 3. Required the square root of S4&&l}3a. 

Am. 3345. 
Ex. 4. Required the square rootof 36373961. 

Am. 6081. 
Ex. 6. Required the square root of 10.4976. 

Am. 3.34. 
Ex. fl. Required the square root of 9980.01. 

Am. 09.9. 
Ex. 7. Required the square root of 2. 

Am. 1.414313, nearly. 
Exlraetion oftht Third or Ctibe Root. 
The cube or third power of the sum of two numbers is 
•qnal to the cubes of the numbers increased by 300 times 
the square of the first number mul^plied by the second, and 
■lao increased by 30 limes the first multiplied by the sqnan 
<A (he seoond, thus : 

aSJJ^MultipUed. 

20x30+4x30 

+4x30+16 

30X20X30+3X4X20X80+20X16 

4x30x20+2x30x16+64 

Third power»8000+ax4x30x20+3xa0xl6+64 
or 8000+300x4x4+30x2x18+64. 



10 BXTHACTWN OT 

HenM, this rule for exlnclinr the ihird or cube root o( 
wan giren nnmber : — Commenang at the unit figure, ait 
1^ periods of three figure* each tiO all the figure* of fAii 
given number are exhmtsted. Then find the greatat cubi 
number contained in thefirtt period, and place the cube root 
^f a Mt the quotient. Subtract its eubefi-om thefirat period 
and bring down the next three figures) divide the number 
thut brought down by 800 times the square of the first 
figureof the root, and it will give the teeond figure J add 
100 timet the square of the first figure, 80 (ime* thipro- 
duet of the first and second figures, end the square of the 
second figure together, for a divisor i then multiply tlua 
JSvitor by the second figure, and subtract the result from 
the dividend, and then bring down the next period, and M 
proceed till all the periods art brought doum. 

For itutuice, in finding the cube root of 48328544^ the 
operation will stand thus : 

48'23a'M4(SM root. 



IK*Uedb;^800xS*->2700 Diridedby36ix3O0->2988O0i 

30x8x6= MO 80x88x4— 4820 

0X0— 3« 4x4— ]• 

letdivifor 82T0 Sddlviur 398186 



If any thine Femainit add three ciphersi and proeeed M 
before; but for every three cipher* that are added, ona 
decimd figure must be cut off in the root. And if the eoba 
root of a fraction or a mixed number be reqniiedi redue* 
the fraction to a decimal, and proceed aa in whole nnnlben : 
the decimal pari howerer must coniiat of periods of thiM 
tgartt eftch, if not, ciphers must be added. 
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Examplet tn extracting the CtAt Root. 
Ex. I. Required the cube root offiUOOOOOO. 

Antwtft ovO* 
Ex. 3. Bequirtd thecub«rootor447607U5. 

Am, T«>. 
Ex. S. Requiied the mb* root of S. 

^n<. I.25»mi. 
Ex. 4. Rjequired th« cnbe root of 44801664. 

.Aw. 804. 
Ex. B. Kequired the cube root of .OOdiRfi?. 

Am. .0S198, Ac. 
Ex. e. Requirad the cube root of ]f or .0181IB94S. 

Ant. .ses nearh/. 
Ex. 7. Required the eube root of 131. 

Am. 2.3008. 

DUODECIMALS. 

FnletiMis whose deoominaton ate 13, 144, 1728, &«. 
m eaUedduodeeiinafa; uid the division and iubdirieion 
af the integeis are tmderitood without bein^r expreswd u 
in deeimali. The method of operating by this claat of 
fiactioni, ie principally in use among artificer!, in eom- 
pnting the contents of work, of which (he dimension! were 
taken ia/eet, inches, and tweiftht of an inch. 

BnLE. — Set down the two dimensions to be wnltiplied 
together, one under the other, so Uizt feet shall etsnd ander 
feet, Inebei nndeV inches, &c. Haltiply eeeh term of the 
amltiplicuid, beginning at the lowest, by the feet in the mnl- 
tij^er, and set the result of each immediately nnder its 
corresponding term, observing to carry 1 for every 13, froHi 
the inches to the feet In like manner, multiply aH Iha 
mnllipltCBnd by the inches of the multiplier, and then by 
4m twetfUi parts, setting the reGsU of eaeh term one ptaoa 
reuMtved to Ae right hand when tlie multiplier is inokea, 
and t*o places when the parti become the multiplier. Tha 
■am of these partial products will be the answer. 

Or, instead of multiplying by the inches, iu. lake sncli 
parts of the multipUeuid as iheaa are of a fooL 



BOOBBCUUM. 



Or, Mdoce th« incbef and pirta to the decimtl of t foot, 
and proceed aa in the naltipUcation ofdeciiDili. 

For example, multiply 3 feet 6 inche* by 3 feet 8 incbe* 



Here, the 7, which atands in the second place, doei not 
denote aquaio inches, but rectangles of an inch broad and 
a foot long, which are to be added to the sqaare inches in 
the third place ; so that, 7Xl3 + 6nB0 are the sqnar* 
inches, and the product is 6 square feet, 90 square incheB, 
And this manner of estimating the inches must be observed 
in all cases where two dimensions in feet and inches n» 
thus multiplied together. 

Or, the product may be found by reducing the inches to 
the decim^ of a foot : thus 6 inches —,9 of a foot ; henee, 
3.S X3.3S«>=6.036 square feet, but .626 of m square Coot in 
equal to .036xI44«90 square indiei, the tame as befoiMk 



Examfit* m Duodedmalt. 

Ex. 1. Multiply 35 feet 41 inches into 13 feet aj inches. 
•drtM. 434 square feet 47 square inches. 
Ex. 3. Multiply 7 feet 9 inches by a feet inches. 

•Ant. 37 square feet 18 square inchea. 
Ex. 8. Multiply 7 feet 5 inches 9 parts by 8 feet 5 incbea 
8 parta. Am. 25 square feet 103f square inehea. 

Ex. 4. Multiply 75 feat 9 inches by 17 feet 7 inches. 

Atu. 1831 square feet 136 square inches, 
Ex. 6. Multiply 97 feet 8 inches by 8 &et 9 inchea. 

Alt. 864 square feet 84 square im^Mi. 



FBACTIGAL GEOMSTBY 



DEFINITIONS. 

. 1. QmoKxniY is that ecienee vhich treati of the deacnp- 
dona and propertieB of magnitudes in general. 

2. A jwtiX is that which haa poaition, but not magiu- 
tade. 

8. A Hue is length without breadth ; and its boundi ot 
■Ktiemea aie paiiith 

4. A right line is that which lie* evenly between Hm vk- 



6. A mi^erfieia ia that which haa length and bteadth 
onJ^ : and its bounds or eztiemea ate lines. 



6. A pkuu n^eritciet is that which touches in every 
pert any ri^t line that can be dnwn in that snperfiues. 

7. A 40^ ia that which has length, bieodth, and thick- 
neitj and its bounds or extremes are superficies. 
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FMAOnCAL 



6> A plane netUineal angle is the inclinadoo or opow 
ing of two ri^ Unea which meet in « poinL 



9. One line ii nid to h a f erpeitdieiilar to mother, vfam 
it makes the angles oa both ndes of it equal to efteh other. 



10. Arigitangk is that which iaimiMf VtoaliMB 
diBtm pejqWD^ulac to taefa otiiec.'^ 



II. An aaOe angle i> that which ia lesi than • right 
ugle. I 



13. An oMtuean^Ie is t^Bt which ia greater than a li^ 
angle. 
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1& A circle is a pl^ne figure, Ginned by th« reTolution 
at K rtgbt line about onq of ita e«tremitiei, which rununt 



14. The centre of a circle is the point about which it ia 
described ; and the ciicumfereiice is the line or boundary 
by wfaieh it ia contained. 

16. The raditu ot a circle is a rif^t line drawn foin tta 



16. The dtanuter of a circle ii a right line \ 
Uvroq^ the centre^ and leaaituiled both «aj;a by th« sir 
cumference. 
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17. Aaar«ofaeiTcleiatnjpcrtrfitiperi|ilt«jorei|h 

/■■■ % 

18. A durd k a risht line juning the 



(/ ) 



19. A f^fMmt of a circle isurpHtofftcimle 
b]r an an ud ita cbwd. 




N. B. A wtmiarde is half a circle, and a ^WKlnnf Uw 
quarter of it. 
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SI. A MM U a part of a cirole inclwled bttsMen tm 
pusllel chords aod their inteTcepted vcs> 




S3. A wie of an BTC is a light line drawn bom one cat> 
Iremityof an arc peqiendicular to a diameter pasaing through 
the other extremity, as AS. 

23. The verted tine of an arc is that part of the diame* 
ter which is intercepted between the sine and the aic ; as 
BDorBE. 

34. The eouTU of an arc, is that part of the diameter in* 
teicepted between the sine and centre, aa CB, and is al< 
TBjs, equal t9 the difference between the versed sine mi 
the radius. 




, JfoU. Tlie hfigh^ of a Bepoest is the part of a diameter 
contained between the middle of the chord and the arc : 
and the difference between this and the radius ia Bometimea 
called the central distance. 

2S. All plane figures bounded bj tliree right lines ara 
called triangle*. 

S6. An etpniateral triangU ia that whose three sides ara 
all equal. 




..Cocgk 



' *T< Am itoKtkt teioHgbi is 
of its sides equal. 



Odt wbiek feM oftlf Hro 



A 



Sd. A teaUne triangle u that which bw all itt Iht«a 
iUm unequal. 



iO. A r^U^m^ triable is that wUeh &tf one ri|^ 



" to. AaoMtM-MgftdttiMgkU^ulwUtit fateemeb< 
Use angle. 



81. An aeuU-tugied trian^ is that which has all its 
angles acute. 



Anr tr)*^ Jiibriiv ftan a rl^btuigfad •■• b oallad BH (UifM. 
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niicncAb ototartkr. 



A 



. , S2. All plane figures, bounded by ftna dgU liA«^ Ua 
cslled guadrangUt or quadriUUeraU. 

88. A aquare ia a qiudhlateral, who«e aides are aU a^inl. 
and its anglea all right S^^IeS. 



u 



S4. A rkomJna ii a quadrilateral, i 
equal, but ita ai^ei not ri^t an^eo.* 



86. ParaOel rwJU Zmm are such aa are in tha jbm 
^Qnie, and which D«fig produced evei so iar boA waja, da 



as< h.fqg^aa0grtM is a qnad^IUeid w&oss oppoiritt 
vdes are paialleL 



7 



* TlHiflfBreibfwcrkiiif macbuiiciiisniHrliiiiMeiOBdakBinfa. 



97. A nctangh is & pandle)ognun whoae ui^ei a 
li^tutglet. 



right uglei 



ii a ptrellekignm iriieee aiq^es «n Dot 



zCZ7 



S9. All other four-oded figorea, beaidu these, aie eaUed 



40. A rifflit liae joinii^ eny tWo opposite snglea c^ a 
ibur-sided igmt is called the diagonal. 



2\ 
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41< All plane figurea cont^ed under n 
ndes are ciUled polj/gymt. , 

48. Folnpna baring five sides, are cftlled pentagai*; 
dwae of atx sides, kexagmu; those of aeveh, heptagon*; 
and ao on. 

48. A rertJar pd^goa is that wheaa angles as well as 
ndea are all equ&L 

44. The haae of any flgnie is that side on which it ia 
Bomtosed to stand; and the oUiWde is the poippidionlar 
falling upon it from the opposite angle. \ 

40. In a right-angled triangle the aide opposite to the 
ri^t angle is called tbe AjipofAenusey and the other two 
sues are called Uga. 

46. An angle ia usuallT denoted l^ three letters, the (Hie 
which stands at the angular point being atwaja to be read 
in the middle. 
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B 

*47. The ciicumference of ereij circle is aai^toted to 
be divided into 360 equal puts, called degreea; each de- 
gree into 60 equal parts, called mmte*i ud ao oB' 

48. The fMOiurt of any right-lined angle ia an are <rf' a 
circle contained between the two linea which fbim that 
angle, die angular point being the centre. 



Nate. He angle is estimated by the number <d deneea 
cootuned in the aic; whence a ri^t angle iS:an.a)i^i9jof 
90 d^ieee, or i of the circumference. 

PROBLEM r.t 

7)> Avide a fioen line Afi into Aw egsot portf. 



^Is 

* Ttia Hid the Mowing ieBna&ua ue mad aalf In Pmetiod <3» 
_ t Tha dtunwutntiou of moit of tbfm jhqUgim mj be Savui ta 



c.C.OOglu 



1. IVhh the points A and B, as centres, wift any d» 
tauce greater than half AB, describe arcs cutting eacli 
other in n and m. 

2, Through these pointa, draw the line nEm, and th« 
point E, where it cuts AB, will be the middle of the line i^ 
quired. 

KU)K£M n. 

Zb £tide a given angle ABC into too eqoat partt. 




1. From the point B, with any ladins, describe the ant 
AC. 

2. And from AC, with the same, or any other radius, 
describe arcs cutting each other in n. 

the p<mit n draw th 
fset tbe an^e ABC, as was required. 

PROBLEM m. 

JVo« a given foint C, in a given right UtK AB, to tree* a 

perpendicular. 

Ganl. When the point is near tit middte of the Une. 





> 


? 




a 


I 
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1. On each aide of tho point G take any* two eqaal d» 
tutcea Cn, Cm. 

3. From ft and m, with any radius greater than Oi tx On, 
deKribe arcs cutting each othei in a. 

9. Throu^ the point m, draw the line i(^ and it will be 
the peipendicular required. 



CabbII. WhmikepmntuattOFnear.iheendifiktUnu 



_B 



1. Take any point o, and with the radius or diatance (^ 
deicrihe the arc mCn, cuttiog AB in m and C. 

2. Throu^ the centre o, and the point », draw the line 
mon, cutting the arc mOi in n. 

8. From the point n, draw the line nC, and it will be the 
perpendicular required. 



Another method. 



1. Frmn the pinnt C, with any ntdius, defcribe the ant 
mm, cutting the Hne AC in r. 

3. With the same radkia, and r as a centre, crow the 
arc in R ; and from n in like manner, croaa it io n. 



8. FnMn the points n and m, with the tune, at snj other 
ndiuB, describe arcs cutting each other in «. 

^ 'Duougb the point i, draw the line jC, and it will ba 
the perpendicular required.* 

PROBLEM rv. 

I^vmagivtapoint C, out t^ a given Uiie AB, U> let fall a 
perpeadiadar, 

Cass I. When the pout u nearly tyipoMte to ike vuddU 
ef the Une. 



1. From the point C, with any radius, describe the are 
om, cutting AB in n and m. 

2. From the pcduta n, m, with the same or any other ra- 
dius, d^cribe two arcs cutting each other in $. 

3. Through the points C, j, draw the line CO«, and CO 
will be the perpendicular required. 

Case II. When the point i* nearly opporite to the end 
f the line. 
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1. To any point m, in the line AB, draw the line Cm. 

2. Bisect the linq Cm, or divide it into two equal paila 
In the point n. 

S. fVora n, with the radiua nm, ot nC, describe the arc 
OGm, cutting AB in G. 

4. Through the point C, draw the line CO, and it will 
be the perpendicular required. 



Another method. 



%■ 



1. IVom A, or an; other point in AB, with the radiin 
AC, deacribe thft arc CD. 

S. Asd from an; other point n, in AB, with the radim 
nC, describe another arc cutting the former in C, IX 

8. Through the points C, D, drawn the line COD, aod 
CG will be the perpendicular required. 

N. B. Perpendtculars nuy b« more eaail; luaed, and 
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M nAomuK amaanxr, 

ht ftU, JD pnetice, b; means of a iquaK, or other proper 



Ta trmet, or itinde a right angle ABC uilo Uute e 
partt. 




1. From the poiat B, with any radius BA, describe the 
an AC, cutting die legs BA, BC, in A, C. 

2. And from the point A, with the radius AB, or BC 
cioBB the arc AC in n. 

3> Also with the same ladiuB, from the point C, crow it 

4. Through the points m, n, draw the lines fim, Bn, Utd 
thej will trisect the angle as was required. 



PROBLEM VI. 



Ai a given point D to make an angle equal to s givem 
angkASC. ' ^ • 
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1. IV(»ii tbe point B, with any radius, describe the aic 
tun, cutting the legs BA, BC, in the points m, n. 

2. Draw the line DE, and from the point D, with the 
Bune ladius as before, describe the arc rs- 

3. Take the distance mn, on the former arc, and apply 
it to the arc rs, from r to s, 

4. Through the poinds D, », draw the line DF, and the 
angle £DF will be equal to the angle ABC, as was re- 
quired. * 

PROBLEM Vn. 
To draa a line parailel to a given line AS. 
Case I. When fhe parallel line it to pan thrtmgh a 
givea pmnt C. 

C r 

a 7^::^ ? — H 



1. To AB, from the point C, draw anj right line Cm. 

2. From the point m, with the radius mC, describe the 
arc Cn, cutting AB in n. 

3. And with the same radius, from the point C, describe 
the arc mr. 

4. Take the distance Cn, and apply it to the arc nr, 
from m to r. 

6. Through the points C, r, draw the line GOH, and it 
will be parallel to AB, as was required. 
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1. IVom one end of the line A, draw Am, .vwlpogHy 
angle with AB; and from B, the 6ther endi draw'^^ 
making an equal angle ABn. 

2, La each of the lines Am, Bn, beginning at A and B, 
Mt off as many equal paito,of any lenf^.as AB is lobe di- 
Tided into. • ' 

a. Join the poinls-AS, 1, 4, 2, 3, 4ec. and AB will be 
divided as was lequi^d. 

Ncte. Bn nuty be drawn parallel to Am, hj nwaiw of • 
parallel ruler. >. 



FROBLEHIX. 



\ealrtadg 




* Us ocntra of ■ Erran drde, oTofuijueofit,iiia]r*laobefinBd 
br Ji^^Ktliraa ]M&t> in -^ -^ - ■• 



1. Draw ■ny-ehftid AB, and bisect it with tbe pwpen- 
fUoohrCD. 

8. Bisect CD, id like nuoser, with the chord £F, «Bd 
tbaiT inteisectud O, will be die cetoe required* 



TodnueatiMgtnttoagiteiteiretcihtt^tanptMArot^ 
a given point A. ' 

"Cial. tF%ettthepfiintAiiintheeireia^atH€tiftke 
dinSfe.' ■ ■ * 




I From (be pvea poiot A, to 
dnw the radius AO. 



centre d" the eiiel^ 

3. Through the poiat A, dr*w QD perpendicuhr to OA. 
uid it will be the tangwt required. 

CmbIL WienliepmtaAitwitltoU.lliearde. 
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"• 1. To the point A, tH>A the ceavre 0, AtaW ifae line 6A, 
tad bisect it in n. 

' 3. Tnm the point n, with the radius nA, or nO, delcnbe 
t]i« Mmiclicl^ ABO, cutting the given circle m_6L ' ' 

8. Through the points A, B, draw the Bae AB, atdit 
will be the tangent reguired. 

PROBLEM XL 

3b too ^ven liNM, A,b,to/ndaAirdpnporlioiial. 




1. iVom the point C diav two right lines, i 
ugleFOG. 

'a. InOgeiVamtiktii^ t^uet ia Aa Urn tnm-A,*aA 
OG, CD, each equal to the second tenn B. 

*.Mrii2», ai(d(lMWGPparan«Iteit; andCTWiUfas 
the third pnmortiatial required. ' 'i 

-TbW i#«B(A)> Ca{B) ! : CD(B) : Ca?* 

PROBLEM Xn. 

To Arte given right Una, A, B, C; (o jCni a fiirA 

' fH^iqtortloMl. 



l.HVsIc 



1. Vnxa the point D draw two-right lines, mnking uy 
angle GDH. 

S. In tboae linps take DF equal to the fint term A, DK 
equal to the second B, and DH equal to the third C. 

3. Join FE, and draw HO parallel to it, and DG will, be 
the fourth proportioDal required. 

That u DF(A) : DE(B) : : DH(C) : DO. 



PROBLEM ynr. 



portitmaL 




I. Diair any rigbt line, in which take CE equal to A, 
and ED equal to B- 

. 2. Bisect CD in O, uid with OD or OC; u ndiw. ^ie- 
■cribe the semicircle CFD. 

S. From the point E dtaw EF peipendicnlar to C]), |im1 
it will be the mean proportional required. 

ThatisCE(A):EF:; EF:EDCB> 

PROBLEM SiV. 

To divide a given Hue AB in the aame pnportioit tliat an- 
other given Une C i» divided.* 
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1. Tma the point A draw AD equal to the ^ren Hne 
C Mad joAiDg any angle with AB. 

2. ToADifmlj Oie several diraiMisor'Gi rad joinDB. 
a Dntw the fiaea 4 4, S 3, Ace. each parallel to DB, and 

the line AB will be divided as was reqvdred. 

Th«ttt.tb«p«ri8AI,l 3,3 9, 3 4, 4B, on the lineAB^ 
will be proportional to the puts 1, 1 2, 2 3, 8 4, 4 S,«i 
the line C . 

PROBLEM XV. 

l^pm a given righUtieAB, to make an equilateral trioMgh. 




. 1. Fhun the points A and B, with a radius equal to> AB, 
describe atcs cutting in C 

2. Draw the lines AC, BC, and the figure ACB will be 
tiM triangjfl required. 

. Note- An iaoBceles triangle taaj be fomwd in tht Mine 
tnannerl hj talung anj diitance for radius. 
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PROBLEM XVI. 

Ta mtfte a tritaigle wAoae three ridea tkaS he n^eelhdf 
equal to lAree given UneM, A, B, C* 




1. Draw a line DE equal to wie at the ginq U|i«iC> 
. !!|. Od tl^ point B, with a radiua equal toi B| dMUilM an 
arc. 

8. And on the point E, with a radius equal to Ai' doKirUM 
UKdher arc, cutting the former in F. 

4. Draw the lines DP, £F, and DFB will be the trian^ 
leqnired. .. 

PREWttJWXVn. 

Vpm a givm Urn AB to deteribe a jgiurv. 




' 1. 'From the point B, draw BC perpeixUcuJ^r^ tod ^wf, 
toAB. 



'. 9i On A Hfid C, with the nuliu» Afiif. ^Menb* tSa.ira 
cutting each other in D. / i 

S. Draw the Unea AD, C3), ua th« 6pm AfiQDvUl 
if» the square required. 

Nate, A rhcnnbua may be made on the given line AB 
in exactly the saine manner, if BC be drawn with the proper 
obliquity, instead of.perpeodiculirly. 

rBfiBLKu nxm. ■ . ■ ' •: \ 

To ietenhe a rectangle, whote length and breadth dnU ht 
tfual to tKo gioe» line* AB and C 



1. At the pdnt B, in the given line AB, erect the per- 
pendiculkr BD, and make it eqnal to C. 

3. From the points D, A, with the radii AB iiml C de- 
BCribe two area cutting each other in E. 

S. Join "EK and Ef>, and ABDE will be the rectangU 
reqiured. 

Note. A parallelogram may be described in nearly tlw 
same pi^er. 

PRCfflLBM XIX. 

ht a given triangle ABC to inscribe a circle. 
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• 1. Bbwrt ttw lules A and B mOt the Itiws AO ud 
BO. 

S. IWb flu pohit of interMctkm O lei fldl Um perpeo- 
£ettlu On, u>d it will be the radius of the circle requiied> 



PBOBLEHXX. 

Ji a fJMM ctr«fe to tMcrtte on ejiwIoMrol IridN^ a Acs*- 

gom, or a dodeeagon. 




Tor&titxagim. 

1. From ftny poiot A aa & centre, with a distance eqitiJ 
to the radiui AO, describe the arc BOF. 

S. Join the points AB, or AF, and either of these lines 
)teing carried six timei round the circle will fonn the heza- 
gm required. 

That is, the radiiu of the circle is equal to the side <^ 
the hexagon ; and the sides ai the hexagon divide the eir- 
cumfereDce of the circle into six equal parts, each cuitain- 
ing SO degrees. 

For ikt eqiaiateral iriangk,- 

1. fWn the point A, to the second and fourth dinnoos, 
or an^ea of the hexwmi, draw the lines AG, A£. 

2. Join the points CB, and ACE will be the equilatoid 
triangle required ; the arc AC being on* third tt the cii^ 
CtHnfereoce, or ISO degrees. 
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For the dodecagon. 



Bisect the arc AB of the hexagon in the point n, and ih& 
Ime An being carried twelve timee round the circumfer* 
ence, will form the dodecagon required, the arc An being 
SO degrees. 

If An be again bisected, a polygon may be formed of 24 
ndea ; and by another bisection a polygon of 4S aidw j tot 



PROBLEM XXI. 

7h intcribe a tquare, or an octagon, m a given drde. 
A 




Par the aquarc 

1. Draw the diameters BD and AC, intersecting each 
other at right angles. 

2. Join the points AB, BC, CD, and DA, and ABCD 
wiL be the square required. 

For the octagon. 

Bisect the arc AB of the square in the point E, and tha 
line A£ being carried eight times round the circumference 
will form the octagon. 

If the arc AE be again bisected, a polygon may be form- 
ed of 10 sides: and by another bisection, a polygon of 83 
■ides ; and so on. 



c.Coo^lu 



PROBLEM Xxn • 
Z\> inieribe a pentagon, or ikeagan, is a gittn ctFcZf 



For the pentagon. 

I. Draw the diaxnetere Ap, nm, at right angles to each 
other, and bisect the radius On in r. 

3. From the point r, with the distance rA, describe the 
arc At, and from the point A, with the distance A», de- 
scribe the arc aB> 

3. Join the points A, B, and the line AB being carried 
five times round the circle, will form the pentagon required. 

For the decagon. 

Bisect the arc AE of the pentagon in e, and the line Aet 
being carried tea times round the circumference will form 
th« decagon required. 

If the arc AC be again biiected, a polygon of 20 sides 
may be formed ; and by another bisection a polygon of 40 
indea ; and bo on. 



* Bnidea tiic Sgaiet here coDstiocted, and than anelnf ftom tbMM* 
bycontinail biaectioiu, or taking the difierencci, no other regular pot 
ygoa con be deBcribed, from snj known melbod pHreli/ etiimelrieaL 
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PROBLEM XXm. 



On a given line AF, to detcrile a regular polygon tf anjf 
propoted number of dde». 




1. From the point A, with the distance AF, describe 
the semicircle FBG, which divide into as many equal parts 
Ga, aB, Be, &c. as the polygon ia to have sides.* 

3. From A to the second point of division draw AB, and 
through the other points c, d, e, &c. draw the lines AC, 
AD, AE, &C. 

3. Apply the distance AF from F to E, from E to D, 
from D to C, &c. and join BC, CD, DE, &c. and ABCD, 
igc. will be the regular polygon required. 



PROBLEM XXIV. 
About a given triangle ABC to eiraanscribe a circle. 



* Tha flemieircle is coiiTanientlj divided by meuu of > icale of 
diordi, with the use of which the itodent u rappoMd to be ac- 
quainted. 
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1. Bisect the two eides AB, EC, with the perpendicalan 
no, and no. 

2. Frmn the point of intersection o, with tlie distance 
OA, OB, or OC, describe the circle AGB, and it will be 
that required. 

If any two of tiie angles be bisected, instead of the sides, 
the intersection of the lines wilt also give the centre of the 
inscribed circle. 

PROBLEM XXV. 

Ahout a given square ABC3) lo eirctaucribe a drelt. 




1 . Draw the two diagonals AC and BD intersecting each 
other in O. 

2. From (he point O, with the distance OA, OB, OC or 
OD, describe the circle ABCD, and it will be that re- 
quired. 

PROBLEM XXVL 
To arevmtcnbe a tquare about a given areU, 



.....tiooglc^ 




I. Draw any two diameters no and rat at right angles to 
each other. 

Through the points fit, o, r, n, draw the lines AB, BC, 
CD, and DA, perpendicular to rm, and no, and AfiCD will 
be the square required.* 

PROBLEM XXVn. 

Aiwa a given circle to circumscribe a pentagon. 

D 




1. Inscribe a pentagon in the circle ; or, which is the 
same thing, find the poicts m, n, e, r, «, as in Frob. XXIL 

2. From the centre o, to each of diese points, draw the 
radii on, om, oe, or, and og. 

3. Ttirough the points n, m, draw the lines AB| BC, 
perpendicular to on, om; producing them tiU they meet 
each other at B. 

4. In the same manner, draw the lines CD, DE, EA, and 
ABODE will be the pentagon required. 

■ If each of the quadrants m, mn, nu ud or, be bbect«d, ud 
tangents be dnwD to tboee poinlA, the ciiciuiuciilaiig figon will be 
an odBfTon. 

D8 
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Note. — ^Any otber polygon may be made to ciicunuKsrlba 
a circle, by first inscribing a similar one, and tben drawing 
tangents to the circle at the angular points. 



PROBLEM XXVffl.* 

On a giten line Afi to make a regular peatagvn- 



1. Make Bin perpendicular to AB, and equal to tme 
balf iDf it. 

2. Draw Am, and produce it tilt the part mn is equal to 
Bill. 

3. From A and B as centres, with the radius Bn, de- 
scribe arcs cutting each other in o. 

4. And from the point o, with the same radius or with 
0A, or oB, describe tho circle ABODE. 

5. Apply the line AB five times round the circumference 
of this circle, and it will form the pentagon required. 

jffoU^—U tangents be drawn through the angular points 
A, B, C, D, K, a pentagon circumscribing the circle will 
be formed ; and if the arcs be bisected, a circumscribiqg 
decagon may be formed. 



* In the ftrmer edition of this work, another metliod of dueiibinf 
a pentagon vaa Eiven, u SiBt propowd by Albertm Dvirer, in hii G«. 
ocoetry, p. 5S, printed in 153S ; bnl ai thit i> odIj an approiimatian, 
and i> not mora ewj in practiM than the present am, which ii per 
beOy accurate h i> hero omitto<I> 



PROBLEM XXIX. 
On a gttett line AB to make a r^idar kexagon. 




1. From the points A, B, as centres, with the ndiiu AB, 
describe ores cutting each other in O. 

3. And from the point O, with the distance OA w OB, 
describe the circle ABCDEF. 

S. Apply the line AB six times round the cucnmieience, 
and it will form the hexagon required.* 

PROBLEM XXX. 

On a giten H»e AB to firm a regidar oelafoa. 





/- 


•-yk 



1. On the extremes of the given line AB erect the in- 
definite perpendiculars AV and BE. 

2. Produce AB both ways to fit and n, and biaect the 
angles mAF and nBE with the lines AH and BC. 



* Thii caitatmctiaa ii fbunded on the princlplE, that the nditu of 
■ranr aircU u aqoij to tba nda af tha mMtibsd haocon, or Ik* eboid 
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3. Make AH and BC equal to AB, and draw HG, CD, 
parallel to AF or BE, and also each equal to AB. 

4. From G, D, as centres, with a radius equal to AB, 
describe area cTOBsing AF, BE, in F, and £; and if GF, 
FE, and ED be drawn, ABCDEFGH will be the octagon 
required. 

PROBLEM XXXL 

To make a figure nudlar to a giten figttn AfiCDE. 




A S b 

1. Take Aft equal to the side of the figure required, and 
ftom the angle A draw the diagonals Ae, Ad. 

2. From the points b, e, d, draw he, cd, de, parallel to 
BC, CD, DE, and Abcde will be similar to ABCDE. 

The same thing may also be dcHie by making the aiij^ea 
h, e, d, e, respectively, equal to the angles B, C, D, E. 

PROBLEM XXXn. 
n make a triangle equal to a given tnjpesaim ABC3). 




1. Draw the diagonal DB, and make CE parallel to i^ 
meeting the side AB produced in E. 

2. Join the points D, E, and ADE will be the triaii^ 
required. 
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PROBLEM XXXni. 

To taaJee a triangle equal to any right lined figvn, 
ABCDEA. 




1. Produce the side AB bolh ways at pleasure. 

'2. Draw the diagonals DA, DB, and pardlel to lliem the 
lines EF and CG. 

3. Join the poinU DF, DG, and DFG will be the triangle 
required. 

And in nearly the same manner may any right lined 
figure whatever be reduced to a triangle. 

PROBLEM XXXIV." 
To make an angle of any proposed number ofdegreea. 

c c 




* Tho line of chords made lueofin (he fultowing problem!, i> eom- 
monlv pot upon ihe pluie aote, and is adapted lo 90 dcgrse* or tlis 
IbiinJi part of ■ circle. 

For a degcription of tliia and oticr instromenta made oie of in 
Practical Gfonielij, ace Mr. Rahettgim'i Tnatite on tuth n 
.»/ ;..^>~«.^>. — -yf ujuuHjf jnit info ujwrlaiie eatt. 
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1. Take the first 60 degrees from the scale of cbords, 
md from the point A, with this radiua, describe the arc mn. 

2. Take the chord of the proposed number of degrees 
from the same ScaJe, and apply it from n to iti. 

3i From the point A draw the lines An and Am, and 
thef will form the angle required. 

Nete. — Angles greater than 90° are usually taken at 
twice^ 

PROBLEM XXXV.* 

An angle BAG being given, to find the mtmber of degree* 
it contain*. 

C 



^\ 



1. From the angular point A, with the chord of SO de- 
grees, describe the arc nm, cutting the lega in the points 

3. Take -the distance nm, and apply it to the scale of 
chords, and it will show th& degrees required. 

Note. — ^When the distance nm is greater than 00*, it 
must be taken at twice, as before. 

PROBLEM XXJtVL 

A a given circU to intcribe a polygon tf any propomi 
number of ddei. 



*■ Both tldi and tlu lut pieUem maj be pw H tmed I7 m 
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1. Divide 3S0° by the number of sides, and make an 
angle AOB, at the centre, whose measure ehall be equal to 
tbe degrees iu the quotient. 

2. Join the points AB, and apply the chord AB to the 
circumference the given number of times, and it will form 
the polygon required. 

PROBLEM XXXVn. 

On a givm line AB to form a regular jtolygan tf fMg pro^ 
poKd number o^ (i Jef> 




1. Diride 360° by the number of sides, and subtract ths 
qaotient from ISO degrees. 

2. Make the angles ABO and BAD each equal to half 
tbe difTerence last found. , 

3. From tbe point of intersection O, with tbe diitonce 
OA or OB, describe a circle. 

4. Apply tbe chord AB to the circumference the pro- 
posed number of times, and it will form the polygon re- 
quired.* 



PROBLEM XXXVra .• 
Upon a right line AB to dacribe a rtgalar padagtm. 




r B 



1. Produce AB towards n, and at the point 6 make the 
perpendicular Bm equal to AB. 

2. Bisect AB in r, and from r as a centre, with the radius 
rnr, describe the arc fmi, cutting AB in n. 

3. From the points A and B, with the radius An, describe 
aiCB cutting each other in D. 

4. And from the pMuts A, D, and B, D, with the radiuB 
AB, describe arcs cutting each other in C and E. 

&. Join BC, DC, DE, and £A, and ABCDE will be the 
pentagon required. 

This method differs but little firom that of Problem 
XXVIII, and is equally easy and convenient in practice. 



PROBLEM XXXIX. 



n a given line 



UDinb^ of puts, and the angle AOB be made equal lo the degrreea in 
he quotient, the arc AB will be one of the equal parts required. 

■ Thii and the Tollowing- problem were not given in the firrt edition 
of this work, but are now added on account of their elegance and utilitj. 
Tbe second is derncd irom the 47th Prop. B. L Euclid's Elemanla, 
■nd the first is proposed for a demoiutration in the Ladiei' Diirr bt 
(b« j^Mi 1786. 



nucncAL aaoMETKr. 



1. From any scale of equal parts take a distance «qi»l 
to 3 divisions, and set it from B to m. 

2. And from the points B and m, with the distances 4 
and 5, taken from the same scale, describe arcs cutting' 
each other in n. 

S. Through the points n, B, draw the line BC, and it 
will be the perpendicular required. 



Explanation cffhe eharaetert made use tfin thefoHowiag 
pari of ikis teork, 

+ Is the sign of addition. 

of subtraction. 

X of multiplication. 

-i of division. 

V of the square root. 

y of the cube root. 

= of equality. 

• ; ; : of proportion. 

REMARKS. 

J. An angle in a semicircle is a right angle. 

2. All angles in the same segment of a circle are equal. 

3. Triangles that hare all the three angles of the one re- 
spectively equal to the three angles of the odier, are caDed 
equiangijar triangles, or similar triangles. 

E 
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4. In similar triangles the like sides, or sides opposite to 
the equal angles, are proportional. 

5. The areas or spaces of aintilar triangles are to each 
other aa the squares of their like sides. 

6. The areas of circles are to each other as the squares 
of their diameters, radii, or circumferences. 

7. Similar figures are such aa have the same ntimber of 
sides, and the angles contained b; those sides respectivelj 

qual. 

8. The areas of similar figures are to each other as the 
squares of their like sides. 
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HENSURATIOIV OF SUFERFICIES. 



The* area of anj figure ia the measure of its eaihce, or 
the space coaUioed within the bounds ofthat suiface, irith- 
out any regard to Chickiiesa. 

A square nhose side is one inch, one foot, or one jrard, 
&C. is called the measuring unit, and the area at content 
of any figure is computed by the number of thoee squares 
contained in that figure. 

N. B. In all questions involvinjf decimals, they are car- 
ried out to the fourth place inclusive, and then taken to the 
nearest figure ; that is, if it be found that, by extending tbe 
operation, the next figure would be 5, or upvards, the fourth 
decimal figure is increased by 1. The student by obserr- 
ing this rule will generally find his results to agree with 
those given in the book. 

PROBLEM I. 

To find the area rfa parallelogram ; whether Ubea square, 

' '- a rhombus, or a rhonAeidea, 



Multiply the length by the perpendicular height, aad the 
product will be the area. 



• Take any rectangle ABCD, and di- 

rido eich of it« Bides respectively, into u 
many eqaiii porta as are expressed by the 
nmnber of tunes they contain the Imear 
meamrin^ unit, and let all the oppoeito 
punta of division be connected by nsht 
UcraT TlMn it is evident, that llieie linei -j — 
diride the rectangle into_ a number of A. 



6S XKnuKATiov 

NaU. — ^The perpendicatar height of the panlletogmn U 
equal to the area divided by the base. 



1. Required the area of the square ABCD whose ude u 
feet 9 iochea. 




lfe«B^.9in.=5.75: and 5.75|'=5.75X 5.75=33.0635 
fea=S3fe. Oin. 9pa.=area required. 

S. lUquired the area of the rectangle ABCD, wboM 
length AB is 13.7S chains, and breadth fiC 0.6 chains. 




■qturei csch equal to tlie auperficial mcasuriog unit, and that the num- 
ber of 1he«e aqiuresi or the area of the figure, is equal to the number 
of linear meaniring Dulls in the length, ai oflca repeated aa tbcnt are 
Unear nreonulng unit* in the breadth or hcig-ht, that ia, equal to the 
length inultJptiiS b; the height, wliieh i> the raU. 

And since a rectangle is equal to an obliijue parallelorrBm standing 
upon the some base, and between (lie suae ponlleln, (Euc L 3S,] the 
rule ii true lor anj parallelogram in general. Q. E. D. 

Rule II. If any two sides oTo parallclograra bo multiplied together, 
and the product again bj the natural sine of the included angle, the 
last product will give the area of the parallelogrun. That is xtX ao 
pznat sine of the angle asarea. 

Ifolt. — BeeauM) the angles of a squaie and rrRtangle are each 90°, 
whoH natural nne la aahj, or 1, tlie rule in this case is the aaine aa 
dnt given in tha text 



...CoDgli: 



Hen 13.75X9.5=130.625; aai _:rfl = 13.0625 
10 
<ic.=:18 oc. ro. 10 po.=area mpar^, 

3. Required the area of the riiombus ABCD, wbon 
length A£ ia 12 feet 6 inches, and its height DE 9 feet 




Hen \^ft. 6 Hi.= ia.5, and 9/e. .T in.=».25. 
Whaux 12.SX9.S&=115.636/e.=llS/e.7t». 6 pa. 

4. What is the area of the rhomboidea ABCD wbote 
length AB is 10.83 chains, and height DE 7.^38 ehwag! 



Hen 10.52X7.63=B0.2676; aoA 



8 0.2676 . 
10 



(icrM=8 oc. ro. 4 jM.=(]rea required. 

5. What is the area of a square whose side is 35.25 
chains 7 ae.ro.po. 

Ana. 124 1 1 

6. What ia the area of a aqnare whose side ia 8 feet 4 
iDcheSl fe.in.fMU 

Ana. 69 5 4 . 
E8 



04 XEinDXATION 

7. What ia the area of a rectangle whoaejength is 14 

feet 6 inches, and breadth 4 feet 9 inches T fi, in- pa. 

Ajib. 6S 10 

6. Required the area of a rhombua, the length of whose 

side ia 12.24 feet, and height 9.16 feet. fe. tiupti. 

Ans. 112 1 5 

9. Required the area of a rhomboides whose Ieng;th is 
10.51 chains, and breadth 4*33 cbains. ae. ro. pa. 

Ana. 4 1 39.7 

10. What ia the area of a rhomboides whose length is 7 
feet inches, and height 3 feet 6 inches ? fe. in. pa. 

Ads. 27 1 6 

11. To find the area of a rectangular board, whose length 
is 13} feet, and breadth 9 inches. Ans. 9} feet. 

PROBLEM n. 
To find the area of a triangle. 
RULE.* 
Multiply the base by the perpendicular height, and half 
the product will be the area. 

Note. — The perpendicular beight of the triang'le ia equal 
%t) twice the area divided by the base. 

EXAHFLE8. 

1. Required the area of the triangle ABC, whose base 
AB is 10 feet 9 inches, and hei^t DC 7 feet 3 inches. 

C 




or srp£KFiciBs. M 

Hen 10 fe. 9in.=10.75, and7/e. atn.=7.25; 

WJffi«10.75>c7.25=77.9375,an5ZZ:??I?= 3e.9687S 
S 
/€rt=38/e. 11 in. 74p(C=area required. 

2. What is the area of a triangle whose base is 18 feet 
4 iDchea, and height 11 feet 10 inchesi fe. in. pa, 

Ans. 108 5 8 

3. What is the area of a triangle wboae baae is 16.75 
feet, and height 6.24 feet? fe. in. pa. 

Ans. 52 3 1 

4. Required the area of a triangle whose base is 12.35 
chaioB, and height 8.5 chains. ae.ro. po. 

Ans. 6 33 

A. What is the area of a triangle whose base is SO feet, 

and height 10.26 1 Ans. 102.fi/e. 

paoBLEM m. 

To find the area of a triangle whole three ndet only are 

given. 

RULE.* 
1. From half the sum of the three sides subtract each 
Rde aeverallf . 

" Demon. Let ac=o, \s=b, bc=c, and ad=3:; (See 
preceding fig.) Then, since Bv=^b — z, we shall hare 
ff^b—xy=cT^=a'~^, or e*— 6'+2ii-^=a'— «■, 

from which x is Ibund = — Z by trans, and reduc- 

2b 

: AC* ad" = AC + ad 



lut cn' = AC* — ad" = AC + ad X AC — ad = (a 
t' + y — A^/ g' + y— c'^_2n6 + a' + y— c« 



^^-("-y- 



Whence CO = ivo+'ft — <r»)X(c' — a — 6*), and the 



area i abX ci> = JV(a+ V—-<?)x (c*— a — V) 



IHKIUKATIOH 



2. Multiply the half aum ud the three remaiadcn con- 
tinuallj together, and the square root of the product will 
be the area required. 



I. Kequired the area of the triangle ABC, whose three 
sides BC, CA, and AB are 34, 36, and 48 chains respeC' 
tively* 




H^^l±^±^=m=U=i «m of the ride.; 



= iV{a + b + eXa+b~eX e + a—bx c—a+b) 
^ a+b+c a+b-c c+a-b ^c~a+b 
^2 2 2 2 ' 

which, by making a=\x{a-^b-^e) becranea ^. 
V(*X» — eX» — bxa — a) = algebraical ezpression for the 
rule, as was to be demonsd'ated. 

Co r.l. Ifgbeputequa ltoo+6,and<?=&soa, the rule 
is iV(^^")x(c='^J=). 

Cor. 2, If all the sides be equal, the rule will becfrnte 
ia'VdiOr i a'Xl.732 for the equilateral triangle whcwe 
side is a. 

Cor. 3. If the triangle be right angled, a being the 
hfpothenuse, the rule will be ""*" T^ 'x T^"^ "*"* ', or 

i p X i p— «, putting p for the perimeter. 

R1JI2 ZI. An; two sidec of n triangle beinff moMplicd togetlier, uid 
the piodiict again by half the natural line aftbelr included ugle, will 
giTS'the ues of the triangle. 

Hiat is, *o X o X WL line ef the uigle oatrioe iras. 



Also 54— 24— 30 jEr*( dif. 54 — 36=18 aeeond dtff 
and 54—48 =6 third dig. 

TTAencc v'54X30x 18 X 6= ^/^^4960=! 418.293 = 
area required. 

2. Required the area of a triangle whose three eidee are 
13, 14, and 15 feet. Ans. 94 gquarefeet. 

3. How many acres are there in a triangle whose tiiree 
sides are 49.00,50.25 u)d 25.89 chdns? Ans. 61.498 oc 

4. Required the area of a right angled triangle, whose 
bypothenuse is 50, and the other two sides 30 aud 40. 

Ana. 600. 

5. Required the area of an equilateral triangle, whose 
Bide is 25. Ans. 270.6329. 

6. Required the area of an isosceles triangle, whose hase 
is 20, and each of ils equal sides 15. Ans. 111. 803. 

7. Required the area of a triangle, whoee three sides are 
20, 30, and 40 chains. Aos. 29 ac.7.58 po. 

PROBLEM rV. 

Any two ndta of a right angled triangle being given to 
find the third tide. 

RULE.* 

' 1. When the ttoo legg are given to find the hypothenuse. 
Add the square of one of the legs to the squu'e of the 
<Aher, and the square root of the sum will he equal to the 
bypothenuse. 

2. When the ht/pnthemtte and one of ike tegs are given 
to find the other kg. 

From the square of the bypotbennse take the square of 
tbe mren leg, and the square root of tbe remainder will be 
equal to the other leg. 

* ByEuc. 47.I.AB*+ Bo'=Ac',or Ac' — ab'= bc'; and 
Aerefore Vab' + bc* = ac, or %/ac' — ab* = bc, or 
y Ac» — Bc" s=AB, which M the tame at ike nde. 



t.oiVsIc: 



BXAHPLXS. 



1. Tn the right angled tri&nglo ABC, the base AB ia 36, 
ind liw pei^nndiculu BC 33 j what is the bjpotbenow T 




HereBfl» + 33»=8186+1089=43a5; ondv'4825=66 
=h!/potkemae AC. 

5. If the hypothenuse AC be 53, and the base AB 45 ; 
what is the perpendicular BC1 

Here 53' — 15« =2809— 2035=784 ; and V784=28=e 
perpendicular BC. 

3. The base of a right angled triangle ia 77, and the 
perpendicular 36: what is the hypothenuse? Ans. 85. 

4. The hypothentise of a right angled triangle i« 109, 
Uid the perpendicular 60; what is the base I Ans. 91. 

6. It is required to find the length of a shore, which 
Btnilting 13 feet from the upright of a building, will au[^M>rt 
a jamb 20 feet from (he ground. Ans. 2S.S238 feet. 

0. The height of a precipice, standing close by the side 
of a river, ia 103 feet, and a line of 320 feet will reach 
from the top of it to the opposite bank : required the breadth 
of the river. Ans. 303.9703/Mf. 

7. A ladder 50 feet long, being placed in a street, reached 
a window 29 feet from the ground, on one aide ; and by turn 
tng it over, without removing the foot, it reached another 
window, 36 feet high, on the other side ; required tb^ 
breadth of the atreet. Ans. 76.1233 _^ 



or SDPXsrtoni. 

PROBLEM V. 

Tojlnd the area cfa trapezittm. 



Multiply the diagonal by the sum of the two perpendtcti- 
lare foiling upon it from the oj^oeite angles, and half the 
product will be the area. 



1. Required the area of the trapezium BAED, whow 
di^onal B£ is 84, the perpendicular AC SI, and DF 28. 



flr« 28+21x84=49x84=4116; and' 
\he area required. 



the area of the triangle bae is= ; and tberef(M« Uie 

sum of these areas, or the area of the wliole trapezinza, 

beXdp beXac df+ac „ „ „ 

\s— — g — + — 2 — = — 2 — ^ =*"- Q. E. D. 

If the trapezium can be inscribed in & circle ; that is, if the snm of 
two of iti oppoeita anglea is equal to two right angles, oi ISO", th« 
ue* ma; be ibund thus : 

fiule. From half thn boid of the lonr sides lubtract each side wen. 
rally; then multiply the four nunainden coodnuall]' together, and 
the si^ure root of the pruduct will be the area. 



..Google 



S. fiequiTed the area of a trapezium whose diagonal ii 
60.6, and the two perpendiculars 34.5 and 30.1. 

Ana. 2197.66. 

S. "What is the area of a trapesium whose diagonal is 
108 feet 6 inches, and the perpeodicularB S6 feet S inches, 
>nd 60 feet 9 incheal Ans. 6347 /f. 3 in 

PROBLEM VI. 

lb ^»d the area o^ a trapezoid, or a quadrangle, tao ^ 
uAoK opponle tidei are parallel. 



Multipl; the sum of the parallel sides by the perpendicu- 
lar difltatMse between them, and half the product will be the 
mrea. 

XXAMPLBS, 

1. Required the area of the trapezoid ABCD, whose 
rides ABand DC are 821.51 and 214.24, and perpendicular 
DE 171.18. 




•'^i^L^,or,(becausei».=DE) = H£iEi Therefore, A 
ABDX ,^BcD, or the whole tr^>ezoid ascd, is = *^ * 



PCX OB AB + DC 



X ns. Q. E. D. 
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Aarw 321JSI-(-314^s=6a0.75=«uni of the paraikl 
»daAB,J)C. 

FTien«S35.'j5x.ni.l6((fceperp.D»)=M688.6700. Asid 
9ia98.9700^^g^g_^Qg (ie area required. 
2. 
3. The parallel udes of a trapezoid are 12.41 and 8.22 
chains, and the perpendicular distance 6.15 chains; re- 
quired the area. ac. ro. po. 
Ane. 5 1 9.956. 

3. Required the area of a trapezoid whose parallel sides 
are 25 feet 8 inches and 18 feet 9 inches, and the perpen- 
dicular distance 10 feet 5 inches. fe. in. pa. 

Ans. 280 5 7 

4. Required the area of a trapezoid whose parallel sides 
are 20^ and 13.29, and perpendictilar distance 10.75. 

Ans. 176.03125. 

PROBLEM Vn. 

Tojati iA« ana ^ a regular polygon. 

RULE.", 

Multiply half the perimeter of the figure by the p«ipei>> 
dicular falling from its centre upon one of the sides, and 
the product will be the area. 

Note. The perimeter of any figure is the sum of all its 
sides. 



* Dttnm, Every refuJu' poljgoa ia composed of u msnj equal 
trinngleH ta it hu Bidea, comeqaentlj tbe trea. of one of tlime tri- 
angles beiag loulliplied bj tbe number of aidea miut g;tTe the arekof 
the nbole ngura ; bat the area of either of the triangteB ia eqoal to 
UHreetangleof thepNTendicular and halTtbeboae, and ther(iS>re lira 
rectangle of the perpeDdicukr and half the aom <^ the sidai is eq^ 
to the urea of the vliole poljgon j thiu, 

AB 5ab 

opx — =aTea of tbe A aob, and opx — =area of the 

2 2 

polygon ABODE. Q.E.P. 

4 
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' 1. Reqtrired tbe area of tbe regular pentagon ABCDK, 
whose aide AB, ot BC, dec. ia 25 feet, and perpendiculsr 
OP ITJZ feeL 




.&=ha^ perimeter ; and 62.5 Xl7^=s 

1076 tquarefiet=area required. 

2. Required the area of a hexagon whose side is 14^ 
feet, and perpendicular 12.64. 

Ajis. fiS3.693 square feet. 

3. Required the area of a h^lagon whose aide is 19.36, 
and perpendicular from tbe centre 20. 

Ana. 1356.6. 

4. Required (be area of an octagon whose side is 9.941, 
aad perpendicular 12. Ans. 477.168. 

PROBLEM Vm. 
To^nd the area <f a regular polygon, vihen tie tide only 



Multiply the square of the aide o( the polygon by-tb« 
number standing opposite to its name in tbe followii^ 
table, and tbe product will be tbe area. 



■ i>«na>l. Tbe multipliers in the table are lie ueu of the polj^ 
gont to which they belong when the side iB unit;, or 1. 
Whence u all regulnr polygons, c£ tbe mas nambsT of udo^ ar* 



No. of 

■ides. 


Names. 




3 


Trigon or equii. A 


0.433013— 


4 


TetrHgon or squwe 


1.000000 + 


5 


Pentagon 


1.720477 + 


6 


Hexagon 


2.698076 + 


7 


Heptagon 


3.633912+ 


8 


Dctagon 


4.828427+ 


g 


Monagon 


6.181824 + 


10 


Decagon 


7.694209 — 


11 


(Jn decagon 


9.365640— 


12 


Duodecagon 


11.196152+ 



■imilai to each other, and as similar lignrea arc as tJie aquaxei of theit 
like Bides, {Euc. VI. 20.) !« : multiplier in (he table : ; square of the 
side of any poljgon : area of that polygon ; or nbich is the uuna 
thing, the square of the aide of on^ polygon x bf '!■ tabular number 
is^area of the polygm. Q- H! D. 

The table ia formed by trigonometry, Ihui : As radius ^ I : tang. 



whence otX TT=i tang, ^osr ^ area of the ^ aob; and J tang., 
z. DBF X number of aides utabulsi nnmber, or the uea of tha poly- 



No. of 
sides. 


Names. 


Angle 


Tangents. 


3 
4 
5 
6 
7 
8 

10 
11 
12 


Trigon 
retragon 

Pentagon 

Eiexagon 

Hepfagon 

Dctagon 

Vonagon 

:)ecagon 

JDdecagon 

>uodecagon 


30° 

45° 

54° 

60= 

64=» 

674 

70° 

72= 

737, 

75° 


.57735+= J s/3 
1.00000+ =1X1 


l.a7688+ = Vl+}Va 

1.73206+ = ^/ 3 

3.07652 + 

2.41421 + =l+y2 

2.74747+ 


8.07768+ = v'5+2Vfi 

3.40568+ 

3.78205+=2+y3 



1. Required the ireft of a pentagon whose aide is 15> 

The number apponU pentagon in the table it 1.730477. 

fiencel.720477xl6^=l.T30477x225=38r.l07325=i 
area required. 



6. Required the area of a Honagan whose side is 38. 

Ans. 6011.6439. 

6. Required the area of a duodecagon whose side is 125. 

Ans. 174939.873. 

PROBLEM IX. 

The diameter of a drcU hting giwn, to find ike dremit- 
ference; or, the eircumfereTice being given, to find the di- 



■ ^'he proportion of the diuneter of a. circle to its ciicumieren«iii 
boa never Tet been eiactlj usceitained, Nor can ■ BquaTe or any 
other ri^hl Imed figuiB, be found, that Bhall be equal to a riven circle 
IUb iathe celebrated problem called the «quaring'cd*ths circle, which 
ha< eiercieed the abilitica of the greatest malliematiciiuu for ages, 



Divide the circumference hj 3.1416, anil the quotient 
will be the diuneteT. 

Note 1. — ^Aa 7 ia to 23, so is the diameter to the circnni- 
ference; or as 22 is to 7, so is the circumference to the di- 



2. As 113 is to 3S5, so ia the diameter to the circum- 
ference ; or, aa S62 ia to 115, bo ia Uie circumference to 
the diameter. 



■d4 been the occasion of so many diapntea. Semral penons i^ con- 

■iden.ble eminence, have, at diSbrent timcB, pretended that they had 
dwcorared tlie eiaot qnidrature ; but their error- have aoon been de- 
tected, and it ie now geoerBllj looked upon u a thing' impoMibk to be 

But though the relation between the diameter and circumierenee 
muwt be accurately eiprciwed in known nombera, it oiaj yat be ap. 
proiimatcd to any assigned degree of exactneea. And in thia manner 
was the problem solved by the grost Archimedes, about two thousand 
years ago, who discovered the proportion to be nearly is 7 to 23, 
wJuoh ia the same m our firit note. Thia he effected by showing that 
the perimeter of a circumscribed r^ular polygon of 19S sides, is to 
tfac diameter in a less ratio than that of 3^to l.and thsl the periiae. 
ler of an inscribed polygon of 96 aides is to the diameter in a greater 
ratio than that of 3^ to 1, and &om thence inferred the ratio above 
tnantioned, as may be seen in his book Dt DimeBtiaitt Ciratli. The 
ome DTotiortion was also discovered by PhiloOedarensiH and Apollo- 
a still earlier period, is we are iniimned by EnMcina 
US on a work calied Ocytebooa. 

The proportion of Viela and Metins U that of 113 to 355, wfaicli 
i* aomething mora exact than the fiirmer, and is the maia aa the second 

This is a very conunodioos pmportiui : Ak- being reduced into deoi. 



It gare rise to the discovery. 

But the first who ascertained tbi* ratio to any great defme of sz> 
actneas was Van Cenlen. a Ddtchman, in his book, De Cimito et AA. 
•eriptis. He Jbuad that if the diameter of a circle was 1, the eiiema. 
ferencewonid be 3.141592653589793238463643383379503884 nearby 
which Is e;mclly trne to 36 places of dscimals, and waa efliwtad b/ 
the continual Inaeetirai of an arc of a dicle, a method so aitrttnelf 
F2 
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1. If tbe diametA of a circle be 17, what is the circum- 
ference 1 

Here 8.1416 X 17 =53^072=dr«»»n^CTice. 

2. If the circumference of a circle be 354, what is the 
diameter T 

Here 551:22? =112. 681 =diameter. 



8. What is the circumference of a circle nhoae diame- 
ter ia 40 feet I Ans. 125.6640. 
i circle whose diame- 
Ans. 37.6992. 
6. If the circumference of the earth be 35000 miles, 
what is its diameter 1 Ans. 7958 nearly. 
6. The base of a cone ia a circle ; what is its diameter 
when the circumference is 54 fccti Ans. 20.3718. 



troaUeMHne and iBborians Out it moit have cost him inoredible pain*- 
It U laid to have been Ihoag-ht to cuiioiu a perfbrmBnee, tint tbs 
aomtcTa were cat on his tomb-atone in St. Fetcr'a Churcfa.jsTd, tt 
IiSjden. Tliii lut namber has since been cosfiimed tad extended ts 
Am'Jie the numbei of places, bj the late ingenious Mr. Abrshasi 
Sharp, of Little Horton, near Bedtbrd, in Yorkahire. 

But since tbe invention of Fluzione, and the Summation of Jnfiiuts 
Series, there have been several methods discovered lor doing the aaow 
thinv with much more ease and eipeditdon. Tiio lals Mr. John 
Mai^iin, Prolesaor of Astmnom; in Greshun College, has b; tiieie 
means eiven a quodratnra of tbe circle which is true to 100 {daces of 
daeimali ; and M. de Lagny, M. Euler, iic have carrieid it stiO 
ftirther. All of which jai^iortioiis are so eztramelf near the troth, 
litat, except the ratio ccnld be completelj obUtDed, we need not wl^ 
Ibr a greater d^ree of accuracy. 
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PROBLEM X. 

Tojlnd tht length of any are nf a airde. 
RULE.* 

I. Whenthe cfuirdoflhearc and the versed tine tf half 
the are are giiaen. 

To IS times the equaK of the chord, add 83 timea the 
•quare of the versed BiDe,f and reserre the number. 

To the square of the chord, add 4 times the square of 
the versed sine, and the square root of the sum .will be 
twice the chord of half the arc. 

Multiply twice the chord of half the arc b; 10 times the 

" Demon. Put e=^ the chord of the arc, and t)=the 
versed sine of half the arc, then the rule may be expressed 

thus: 









^)=W*(: 



i+sj+i; 



.No,2,/i..(I + i + ^+j5gj+to.) b k,om 

to be the length of an arc whose diameter is d, and the 
versed sine of half the arc v ; and this differs from the 
p,ec«ii.s<«lybyj51lL,&:. 

t Here, u in niiny other places in tho fbllawiDg part of tbe work, 
Xba ^ena vtned tiae ii uaed instead of Eerjcil tint ^ htdf tht an , 

bat in alt ciseg of the kind, it it the Ter«ed aiae of b»lf Uu are that i* 



c.C.OOglu 



square of the versed sine, divide the product by the re- 
served number, and add the qootiBat to twice the chord of 
half the arc : the sum will be the length of the arc very 
nearly. 

When the chord <^ the are, and the chord of ha^the are 
are given- — From the square of the chord of half the arc 
subtract the aquare uf half the chord of the arc, the re- 
mainder will be the square of the versed sind : then pro- 
ceed as above. 

2. Whtn ^diameter and the verted nne of hci^ the ara 
are given. 

Yiom 60 times the diameter subtract 27 times the versed 
sine, and reserve the number. 

Multiply the diameter by the versed sine, and the square 
root of tne product will be the chord of half the arc. 

Multiply twice the chord of half the arc by 10 times Ibe 
versed sine, divide the product by the reserved niunber, 
and add the quotient to twice the chord of half the arc ; 
the sum wilt be the length of the arc very nearly. 

Note 1. — When the diameter and chord of the arc «re 
given, the versed sine may be found thus : From the square 
of the diameter subtract the square of the chord, and ex- 
tract the square root of the remainder. Subtract this root 
from the diameter, and half the remuuder will give the 
versed sine of half the arc. 

3. The square of the chord of half the arc being divided 
hy the diameter will give the versed sine, or being divided 
by the versed sine will give the diameter. 

S. The length of the arc may also be found by multiply* 
ing together the number of degrees it contains, the radius 
and the number .01745329. 

Or, as 180 is to the number of degrees in the arc, so is 
3.1416 times the radius, to the length of the arc. 
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Or, as ? is to the number of degrees in the am, so is 
.05286 times the radius, to the len^h of the arc.' 



EXAJtPLES. 



1. If the chord DE be 4S, and the versed nne CB IS 
what is the length of the arcl Aoa. 64.2959. 




45252 reserved number, 
48*=2304=(ftc tqvare of tke chord. 
16» X 4= 1286= 4 times the square of the tierted one. 

^'^00=60=lwice the chord of haJf the am M^ 
eOXlS'XlO 194400 
^'"'^45253— =45252-=*-2^5»' "^^"^ '^^ ** 
tvnce the chord of half the arc gives 64.2959=tA< lengtk 
of the arc. 

3. Given the diametei CE SO, &nd the vecaed sine CD 
18, what is the length of the arc 1 Ans. 64.2959. 



* Wben very gnat accuracj u Teqnired, the fbUowin^ theorem 
nuj be Bwd. Let d denote the dkmeter of the drcle. and n the 
veised siiie of half the arc, then the urc^S ,/ da X {1 + 



U2d' llfi2i< 2ei6d> 
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2514 reMerved mmher. 

A C=V 5l)xi6=30=tite chord of half the are. 

30x2x18x10 loeoo , ,. , ,, , 

JITTi =-SSTr «=4-2959, wkuii added to tino 

2SL4 2614 

the chord <f half the «rc gitxM 64.2859=^ the length of the 
arc ACB. 

8. The chord of the whole uc is 7, and the versed sine 
2, what is the length of the arc 1 Ans. &4348. 

4. The chord of the whole arc is 40, and the versed aina 
16, what is the length of the aro 1 Ana. 53.5S00. 

5. The chord of the whole aic is 60, and the chord ot 
half the arc 27, required the length of the aic 

Ans. 66.3720. 

6. Given the diameter of the circle 100, and the versed 
sine 9, required the length of the arc. Ans. 60.9380. 

T. Given the chord of the whole arc 16, and the diame- 
ter of the circle 20, required the length of the arc. 

Ans. 18.6439. 
B. The diameter of the circle is 50, and the chord <^ 
half the arc 30, what is the length of the arc? 

Ans. 64.2959. 

9. The chord of half the arc is 26, and the versed siuo 
10, required the length of the arc. Ans. 53.6800. 

PROBLEM XI. 

To find the area o^ a drcU. 

^ RULE I.* 

Muldpl; half the circumference by half the dianteter, 
and the product will he the area. 

* iXrnRiHi, A circle nsT be coDsidercd aa > regnlu polygm of an 
Infinite number of «ide«, the luicamteience being eqna] to Ule perimo. 
tn, uul the ndini to the peipandiDaleT. But the uea wT ■ i^^nUr 
po^fOD ii equal to half the IN 
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Or take 1 of tbe product of the whole circmnferencfl 
and diameter. 



1. What is Ae uea of a circle wboae diameter is 43, 
and circumference 191.946 1 
2)131.646 



6d.973=J circumferenet. 
21 =i diameter. 



1385 A33= area required. 

2. What is ^c area of a circle whose diameter i 
feet 6 inches, and circumference 31 feet 6 inches! 
fe. i». 

15 9=15.75=i etreun^erence. 

5 3= 5.25=4 diameter. 

7875 
3160 

7875 



An*. SSfeet 8 inekeM. 



ud CDtiBeqnenl]}' the area <^ s ciiclfl is eqaol to bnlf tha circmn. 
ftreaoB multiplied bj tbe radius, or hilT tba diuneter. Q. E. D. 
Thii nila ms; be otherwise demonstrated bj the doctiioe of flub 
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3. What is the area of a circle whoae diameter u 1| uid 
circumference 3.14161 Ans. .7854. 

4. What ia the area of a circle wboie diameter ia 7, and 
circumference 22 1 Am. SSj. 

RULEH.* 

MnlUply the square oi the diameter by .7854, and the 
product will be tt^ area ; or. 

Multiply the square of the circuaierence by .07956, and 
the product will be the area. 

■ Demmt. All drcles ue to each other as the aqnuea of their 
diuneters. (Euc XII. 3.) 
Bat the uea of », circle nhoae diamoler i> 1, ii .7851. &«. (fij 
.7854, &C.Xd» 

Rule 1.) Therefore 1» : d» : : .7854, ic. : = 

1 
765, &.C X dfe=are« of B circle whose diuneter is d. Q. E. D. 
The ibUowing proportionB are those of MetiuM and Anhimedet. 
Ah 4.^3 : 3&5 : ; eqoare of the diuneter : uea. 
As 14 : 11 :: squire of the diameter : area. 
If the circumfereiice be giren, instead of ihe dimneter, the ana 
maj be Ibiind ns Ibllons ; 

The sqiure of the circumterenoe x .0T95S=area. 
Ab 88 : 7 : : Bqmire of the circumference : area. 
A> 14S0 : 113 : : squnre of the circumierence : urea. 
And if d be the diamelei, e the ciicum&ience, a the aiea, and p 
— 314153, &cUkd: 

e 4a a 

l.d=— =— =2v'— 



2. c=pd=— =2 VjM 

pd* c" dc 

8.(1=—=—=— 

4 4j> 4 

Hie fbllairiii(f table will aln ihow moat of the na^U (ffohtoM 
relatiilE to the circle and its equal or inscribed square. 

1. diameterX.e862=8ide of an equal square, 

3. circumf.X .28ai=side of an equal square. 

8. diameter X. 7071 =aide of the inscribed square. 

4. circumf.X.2251=side of the inscribed square. 
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I. What is the area of a circle whose diameter is B 1 
7S54 

Z5=:3qiiare of the iiamettr. 



19.6350=tAe atuwer. 
8. What ia the area of a circle whose diameter is 7T 

Ane. 38.4846. 

8. What is the area of a circle whose diameter is 4.5 T 

Ana. 16.9043. 

4. How many square yards are there in a circle whose 

diameter is 3} feet! Ans. 1.0690. 

6. How many square feet are there in a circle whose 

circumference is 10.0856 yardal Ans. 86.5933. 

6. How many square perches are there in a circle whose 

circumference is 7 miles t Ads. 3 



PROBLEM Xn. 



To find the area, of a Motor, or that f>art of a circle wiiok 
it bomded by any two radii and their included arc. 



Find the leng^th of the archy Problem X. then multiply 
the radius, or half the diameter, by the length of the arc 
of the sector, and half the product will be the area. 

5. areaX ■6366=3ide of the inscribed square. 

6. sideof a square Xl.4142=diam. of itscircums. circle. 

7. sideof a square X 4.443= circumf. of its circ urns, circle. 

8. sideof a square X 1.1 2^:= diameter of an equal circle. 

9. sideof asqnareX3.546=ciTcumf. of an equal circle. 

* The nils for Gnding tFie arcm of the sectorrii svidsQlly the onw 
u Qiat (br Gndiog; tlie ares of the whole cirala. 
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u 

NoU-^—Ai the diameter or radius is not given, add flra 
aquue of half the chord of the are, to the square of the 
versed kdc of half the arc ; this Hum being divided by th* 
versed sine, will give the diameter. 



. The radius AB is 40, and the chord BC <rf' the whole 
80, required the area of the sector. 




=8.7750=^tAe verud tine of half the are, 

i563.fyi50=the retened mtmier. 
2X ^/ 8.7750 X 80 =52.9906 =ttBice the chord of half ike are. 

=1.0190 lehich added to tteiee the 
(3.0750 
chord <f half the arc ginet 54.0096 the length <^ the arc. 

And ^^^^J^- =1080.m0=area of Ih^ sector re. 
quired. 

2. Find the area of the sector, (he chord of whose arc 
is 40, and the versed sine of half the arc IS. 

Ana. 558.1250 
8. Required the area of the Sector, the chord of half tha 
•ic being 30, and the diameter of the circle 100. 

Ans. lS2S.45qO 



P SUPXKFICIBi. 



4. Otren the diameter of the circle 60, and the vened 
line 18, to find the area of the sector. Ana. 603.69875. 



Ab 360 ia to the degrees in the arc of a sector, bo ia the 
area of the whole circle, whose radius ia equal to that of 
the sector, to the area of the sector required. 

NaU. — For a semicircJe, a quadrant, dtc. take one half, 
one qaaiter, &c. of the whole area. 



I. The radius of a sector of a circle is 20, and the de- 
grees in its arc 22 ; what is the area of the sector? 

Here ike dianuter it 40. 

Seiux, by Rule n. Frob. XII. the area <^ &e ctrcfe=) 
40' X .T864=1600X .7854=1256.64. 

JV(W, 360° : 22° : : 1256.64 : 76.7947 =arai rf the ate- 



* Demon. Let r=radiu8, d^^number of degrees in th« 
arc of the aeclor, and A=ifs area. 

Then will 4r* X .7854=ri X 3.1416=area of the whole 
circle, and 2rX 3.1416=its circumference. 

Also 360 !2f-xM416::d:.H^2L|JH5= length of 



360 
* Tt 2<irx 3.1416, 
the arc of the sector. But ^^^ X 

=A^ bjr the last rule. Aad consequently 300:(l::r*X 
S.1416 : A. Q. £. D. 



7* 

S. Required the area of a sector wboei radius ia35,uid 



4. Bequired the area of a quadrant whose radius is 31. 
Aub. 846.3614 



PROBLEM Xra. 
To find the area c^ a tegmetU <^ a circle. 



I . Find the area of the sector, having the same arc with 
the segment, by the last problem. 

3. Find the area of the triangle formed by Uie chord of 
the Begment, and the radii of the sector. 

3. Then the sum, or differettce, of these areas, according 
as the segment is greater or less than a eemicircle, will ha 
the area required. 

Note. — The difference between the versed sine and ra- 
dius, multiplied by half the chwd of the arc, will give the 
area of the triangle. 



1. 7%e radius OB is 10, and the chord AC 10; what ia 
the area of the segment ABC T 



■ Tioa rule U too endeot to need b demonBtntion. 
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-_ AC 100 

CE ~^5^~^~'** swaeii mm o^ half Ae are. 
aox 60—6 X 3 7= I065=.f*«! ngened wtmbtr. 
18x3x5x10 
rTjgg =.9380, and thtt added to twice the ehori 

tf half the arc giaet ii0.9S9a=the length of the are. 
20.9390X10 
^ = 104.6950= orea of the tutor OACB. 

OD=OC=CD=d the perpendiettiar height if the tri. 
Mgie- __^^_ _ 

AD= yAO*— 0D«= v'7S=8.6603=i (Ae chord of the 
are. 

8.ee03 X 9^43.3015=t&e area of the triangle AOB. 

104.B950 — 43.301 5=61. 3935= o«a if the tegment rt- 
qidredf it being in this case less than a semicircle. 



S. Reqaired the area of a segment of a circle, the ra- 
dius being 10, and the chord of the arc 12. Ans. 16.3500. 

4. Required the area of a segment of a circle, whosa 
chord is 16, and the diameter of the circle 20. 

Ans. 44.TI9S. 
3. What is the area of a segment whose arc is a quad* 
nut, the diameter of the circle being 18 feet i 

Au.i)S.in4.- 
02 



9.* What is the area of a segment, whoM an: ccmtaiiM 
900 degrees, the diameter being 601 Ana. 1906.8831. 

RULED-t 

1. Divide the height, or versed sine, by the diameter, 
and find the quotient in the table of versed sines. 

2. Multiply the number on the right hand of the versed 
line by the square of the diameter, and the product will be 
the area. 

Note 1. — When the diameter or versed sine ifl not given, 
it may be fiiund by the notes, page 68 or 74. 

Note 2. — ^When the quotient arising from the versed 
due divided 1^ the diameter, has a remainder or fraction 
ofier the third place of decimals; having taken the area 



* Tbe cbcrd of the uc will endently be eqnal to tite radina of tfaa 

t Tbe ttUe to which this nils refen, U ftnoed of tha wati oT tin 
■egments of EL circle whose diameter is 1 ; Eind which is snppaaod toba 
Prided by perpeiuiicDlu' ohordi into 1000 eqaal parti. 

The reason of the role itself depends upon this propertv — That tW 
verged sines of Bimikt segiDenls sre as the diuoeterB of Uie circlci to 
which thej belong, and the srca of those segmects as the Bqnim of 
Ihe diameters ; which may be thus demoostrated. 

Let uttA and adba be any two litnilar segmeata, out off &<>n tfas 
sioiilar sectors adboi and adbca, by thio cbcrdi ab snd ai, and let tha 
perp^icolar en bisect them. 

Then by rimikr triangles, ns: 
(ft : : M : io and D> : <ii : : Dm : J>; 
iriienoe, by equality, so ■ be : : nm : dn, ^ 
or 2bc : 26c : : Dm 1 (in. 

Again, since similar se^enta are as 
the •qosies of their chords, it will be 
Att' : abit : : seg. adba : seg. adba ; but 
AB':ai3::cB^:c&^ whence, by equal- 
ity, seg. ADBA : seg. adta : : cs^ : clfi, 
or Beg. ADIA r seg. adba : : 4082 : 40113. Q. E. D. C 

Now, If d be put equal to any diamelor, and n the versed dn«^ it 
< |i 

wiObe d:T::l (diameter in the table); — =Ter*ed une of a simikr 

d 
Mgment in the table wboee area let be eaLed a. 




uuwering to the first three figure, subtract it frwn the 
next following area, multiplj the THuainder by the said 
fraction, and add the product to the first area, then tha 
sum will be the area for the whole quotient. 



BXAXFLBS. 



I. If the chord of a circular segment be 40, its versed 
iiM 10. and the diameter of the circle SO, what is tin 



.2=^tabiilar versed sine. 

,\l\BS.Z=tabular gegment. 

25Q0=aguare if 00. 



279.657500=ar«i r^mred. 



S. The diameter of a circle is 40, and the versed sine 
10 ; what ia the area of the segment t Ans. 245.6736. 

4. If the diameter be S3, and tho Tcreed sine 2, what is 
the area of the segment? Ans. 26.9197. 

5. If the chord of half the arc be 30, and the versed sine 
0, what is the area of the segment? Ans. 350.1100. 

6. The diameter of a circle is 100, and the chord of the 
arc 60 : what is the area of the se^ent ? 

Ans. 40B.7S. 
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PROBLEM XIV. 

To find (Ac area of a circtdar umt, or the ipaet included 
between ang tmo paralld ehorde and tiar inlercepted 
area. 

RULE.* 

From the greater chord subtract half the AXIhnnae b»t 
tweeD the two, multiply the remainder by the Batd half di^ 
ference, diride the product bj the breadth of the zone, aod 
add the quotient to the breadth. To the square of this 
number add ths square of the less chord, and the square 
foot of the sum will be the diameter of the circle. 

Now, having the diameter KG-, and the two chords AB 
and DC, find, by Prob. XUI. Rule U. the areas of the seg- 
ments ABEA, and DCED, the difference of which will be 
the area of the zone required. 

Tfote 1.-— inie difference of the tabular segments multi- 
plied by the square of the circle's diameter will give tfaa 
area of the zone. 

Note 2. — ^When the larger segment AEB is greater than 
a semicircle, find the areas of the segments AGB, and 
DCE, and subtract their sum from the area of the wbol« 
circle, the remainder will be the area of the zone. 



■ The reuon of tLis rule ii too obrknu to require ( 

Kati^—V/hea the two puUel sidei of the looe m equal, the ck«d I 

of the Biudl aegment will be equal to tbe breadth of t he noe, end lb* ' 

bdgbt of thil aegment will be equal to Vl^ + iu^-l^i *a beiny 
pot ftr the breadth of the zone^ 

And when raw of the ridea ■• tiie diameter of the circle, the durd 
of t he wune aegme nt will be V"^ + ^ '"^ ''' heiybtsJiAB 
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1. The greatec chord AB is 20, the ]esa DC 15, uid 
tbeir distaaca Dr ITj : required the area of the zone 
ABCD. Ang. 39S.13S8. 




=a.6=i the difference between the two chorda. 



17^+ 



(20— 2.5)xa.5 



17.5+2.5t=20=DF. 



And ^/iff + lb'='^635=2B=the diameter of the dr. 

TSe tegmeat AEB being greater thtm a temieirdt, we 
find hy note I, fage 66, the verted sine ^ DCE=:2^, and 
&aX of AGB=5. 

Hentx 6y PrtA, XIII. Rule U., -^= .100 = taMat 

verted tine ef DEC 
9 
And •^=.2(SQ=tahular verged nne cf AGS. 

fiom .040e75x ^=area of weg. DEC=25.546876 
And .111823 X 25* =afea gf«y. AGB=6ff.889375 



nan 95.43625 
Bv Prcb. XLRuU II. .7854X 25' i ^^ga.8-!6QQ 

=:areo of the whole etrcte. ^ 

i>(^ere»ce=area t^ the zone ABCD= 395.43S75 



S9 XBnauKATioiT 

2. The greater chord is 96, the lesser 60, and the 
breadth 26 ; what is the area of the zone 1 

Ads. 2136.7&00. 

3. One end of a circular zone is 4S, the other end ia 90, 
and the breadth ia 13 ; what i; ' 



PROBLEM XV. 

To find the area of a circtdar ring, or the ^aee ineluded 

bdween the eircumfermce of two concentric circle*, 

RULE.* 

The difference between the areas of the two circles will 
be the area of the ring. 

Or, multiply the aiun of diameters by their difference, 
and this product again by .7ti54, and it will give the aroa 
required. 

SXAHFLBS. 

1. The diameters AB and CD are 20 and 15 ; required 
the area of the circular ring, or the space iocluded between 
the circmnferences of those circles. 




* Demon, The area of the circle axba=ab* X .7854, 
and the area of the small circle cd i3=CD> X.7854; there- 
fore the area o f the ring=AB» X .7864 — ci>« X .7864= 
AB+ CD X AB — CD X .7854. Q. E. D. 

CotdU. If cc be n perpendicular at the poiot c, the u«« of the ring 
will be equal to thtt of b circle whoae radios ia cs. 

Aula 3. Multiply half the num of the ctrcomferencea by half Iha 



difference of the diameten, md tho product will 
This rule will sleo Krve for any purt of the 
Di of the jnlercepted area tbr half ^ aam of the 



This rule will sleo Krve for any purt of the ring, usine half ttn 



Vocglc 



Here AB+CDxAB— CD=35x6=175,- and 175X 
7854= 187 .4450=:of'eo if the ring required. 

3> The diameters of two concentric circles are 16 and 

10 ; what is the area of the ring formed by those circles T 

Aiu. 123.5324. 

S. The two diameten are 31.73 and 9A required tha 
area of the circular ring. Ans. 300.6609. 

4. Required the area of the ring, the diameten of whoas 
bounding circles are 6 and 4. Ana. lS.709i 

PROBLEM XVI. 

To find tie areat. ef liaiet, or ike spaeet between (k Mter- 
tecting aret of two eccentric circkt. 



Find the areas of the two aegmenta from which the Inas 
B formed, and their difference will be the area required. 



* Whoever wiihea to be ooqaaintcd with the propeitiei of lunM, 

and the Ttriona theorems iruinct from them, ma; cmuoh JWr. Wi*. 

!««'■ C t mm nUrj •■ TkcfiuC* fuelid, where th^ win Bnd diia nib. 

ject TBiT ingenioaily Bunoged. 
The tnllowing jinperty !■ one of tba inoBt carious: 
If j^C be a ngjht angled triangle ; and ■emicirdeB be descnbad on 

the three ndeeaadiameten,thon win Ibo said triaoele b« eqiul to U>i 

two loiMi D and F taken together. 




For the ■emidrclee described oq AC aod BC=3lh« <a 
AB(31.6G,}fh)m«iuJi taks the w^ientsculoff bvACaudBClL , 
will the limes AFCE and BDCG=thB triangle AC^ Q. E D. 



The length of the chord AB is 40, the height DC 10, 
•nd D£ 4 ; required the area of the lune ACBEA. 



itjr notf, page 74, the diameter of the circle of lehick 

And the diameter of the nrele of which AF.B it a part 

=?21±il=I04. 

JVov ktmng the diameter and veraed nttn, we Jmd bg 
Prob. Zni. Rule ni. 

The area i^ aeg. AC3=.lne23>; 50* =279^76 
Xndorea^K^.AEB^ .000966X104* =107^788 



arfthei 



=171.8842 



Their dtffisrenee ia the art 
lune AEBCA, required, 

2. The chord is 20, and the heights of the segment 10 
and 2 ; required the area of the lune. Ans. 130.387. 

3. The length of the chord is 48, and the heights of the 
tegmenta 18 and 7 ; required the area of the tune. 

Ans. 408.7057. 



PROBLEM XVn. 



■ T9jlndtheareaifanimgtilarpotpgon,orajlgtire^ 
any nunSer <^adea. 
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RULE.* 

!• Divide the figure into triuigleB and tnpeeianu, >nd 
find the area of each separatelj. 

2> Add these areas tc^ther, and the nun will be equal 
lo the area of the whole polygon. 



1. Required the area of the irregular figuroABCDEFOA, 
the following lines being given. 

OB=303 Ar=11.2, 00=6 
GD=29 Ffsll C*=O.B 




btfixuulufc 

Alia 1. EiectBuf nmnbeTofporpendienlan opwi thelHMiBlMiuU 

S. Add the lengtlu of the perpendieobn, tho* S>imd, tofrelhar. Mat 
the mm diTided % their nniDbei will give the iiMa* breaitA. 

3. Mollipl]' the mean breadth bjOelen^trf'tiia hue, and it wB 
jive die Knaof tbiil put of the fipue nqnued. 
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Htre "'•^"'xGB="-*-^"x 30^ = 8.6X30^=: 
3 2 

262.3=area of the trapexium A£CG. 

J«d!!i±^XGD=Il±^^X 29 z= 8.8X28 =256 J 
2 2 

'c=(Er«i ^ Me trapesivm GCDF. 

2 2 2 "^ 

ORg'IeFDE. 

11'l«nra362.8+2S6.2+49.6=667.1=areaof<&eu)iol8 
Jlgvre required' 

2. *ln a pentangular field, begiDning with the south Bide 
and measuring round towards the east, the firat, or south 
side, is 2TS5 links, the second 3115, the third 2370, tha 
fourth 2925, and the fifth 2220 ; also the diagonal from the 
first sogle to the third is 3800 links, and that from the third 
to the fifUi 4010; required the area of the field. 

Ans. 117ac. 2r<j. 39 po. 

Proimsaiciit Qu^ttiong concerning Linea and Aretu. 

I. GiTen AC=82, AD=S, EC=8, the perpendicular 
I>G=4, and the perpendicular EF=6, to find the ares of 
the triangle ABC and the ndes AB and BC. 



' To find the ire&of miied or componnd fignre^ or mch u ira oom- 
paaedofrediUtwaluidcnrviluieiJG^nreB tofcther; the nileiato&id 
11m inn of the ■«venl 6;vre* t^ffhieh Ibe whole ^ure is eompoaed, 
then add «J] tho leu tt^ether, and the nun will be tha area, of tlw 
yAak oompound figure. And in the nine maimer nuj anj irregular 
fidd er piece of land be meaanred, 1^ dividinif it into tr^wnuna and 
trianclea, and finding the area of eadi aeparatelf. 

' X*t«. Aa thia fignre canaiats of three trianglea, all of wboae aidn 
ar« pren, hj colculitiiig their areaa acocrding to Problem IlL tbs 



_ _in will be the area of tiie whole figors accontcly , witbont dnwing 
peqMEkdicoUn finm the uiglea to the ^ngoiuda. 
The tame thing m&7 abo be 6oae in mnl other oasea of (bia kin^ 
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A D H I 



Draw GH parallel to BC, then since the sides sboat tho 
equal angles in equiangular or similar triangles are propor- 
tional, we have in the similar triangles CEF and HDG, 
FE : EC : : GD : DH= V, which added to AD will give 
AH=V. Also in the sim. a'b AGH, ABC, AH : AC 
: : GD : BI=15.36, and this multiplied by half the base wiU 
give the area of ABC=245.76. 

Again in each of the right angled triangles ADG and 
' CEF we have the two legs to find the hypothenusea AG=: 
5 and CF=10. Now by aim. i's ADG, AIB, GD : OA 
: ; BI : BA=19.2 ; and FE : FC : : BI : BC 

3. If from the right angled triangle ABC, whoee bajM is 
13, and perpendicular 16 feet, be cut off, bj a line DE par- 
allel to the perpendicular, a triangle whoee area is 24 squar* 
feet ; what are the sides of this triangle 1 




The area of the triangle ABC=ABxiBC=96, alio 
having AB and BC, AC may be found=20. 

Now it ia evident that the triangles ABC and ADE an 
similar, and since the areas of um. d's are as tl 
of their like sides, we have. 
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il«o ABC : oreo ADE ; : AC? i AE ' 
Area ABC : area ADE : : BC : DE* 
Area ABC : ana ADE :: AB* : AD" 
Fiom which A£=10,AB=6, and DE==8. Ani. 

8. A gentleman in bis yard has a circular graas-plot, the 
diameter of which ia 29 yards. Qneiy the length of tba 
string that would describe a circle to contain nine times a 
much. Ana. 87.6 yordi. 

4. Suppose a ladder 100 feet long:, placed ag^uat a per- 
peDdicuuir wall 100 feet high, how far would the top of the 
ladder move down the wall by pulling out the bottom there- 
of 10 feetT Ans. .6012S63. 

5. *TbQre Is a circular pond whose area is 6038^ square 
feet, in the middle of which stood a pole 100 feet high: 
now the pole having been broken, it was observed that the 
top just struck the brink of the pond ; what ia the height 
of the pole? Ans. 41.9968. 

6. fin ft level gardeii there are two lofty 6ra, having 
their Ujpa ornamented with gilt balls; one ia 100 feet high, 
the other 80, and they are ISO feet distant at the bottom ; 
now the owner wants to place a fountain in a ri^t line be- 
tween the treea, to be equally distant from the top of each; 
what will be its distance from the bottom of each tree, and 
also'ffom each of the balls 1 

t From the bottom of the lower tree 75fiet. 
Ans. 2 From the bottom of the higher tree 45 feet, 
( From each ball 109.6585 /ert. 



hvpau>et 
9aiite the 



pUee whore the pole wu farokan. 



7. A pwBon wishes to inclose 6ac. Int. 12po. in & tri- 
tngle nmilsf to a small triangle whose sides are 9, 8, and 
pmhes tespectirely ,* required the sides of the triangle. 

Ass. 59.029, 62.47, and 89.363 perchet. 

8. Reqnired the sides of an isosceles triangle, containing 
One. Oro. 13|vr. and whose base is 72 peicbes. 

Ans. 45 perches each. 



AZ:~Iidg:lit of the lower tree, and CD=ths higher. J«n ED, oad 
fionUie middle of it drew tin perpHndicuiar GF, and F will reprewnt 
the pb/x at the taanUin, Jdn EF and DF, and draw EI parallel to 
MC, and GB parallel to DC; then the triuglea £ID and GBF bang 
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CONIC SECTIONS. 



DEFINITIONS. 



1. The eotde tectioru are auch plain fi^cei aa ara rarmed 
hj the cutting of a cone. 

3. *A cone is a solid described by the TeTolution of « 
right-angled triangle about one of Ha legs, which remains 
fixed. 



3. The axU ofAe cone is the ri^t line about which tlw 
triao^e revolves. 



* This is Euclid's definition of i cone, and ii that which ia gene. 
mUj best nndontood bj a learner ; but the fbllowing one ia men 

Conceive the right line CB to move upon the fixed point C u a 
centre, and so a* continuullj to touch the circamfereace of the circle 
* \ placed in any position, except in thst of a plane which p 

oogh the nid point; and f— "■-' — ' -' '■-- " '-"'■ =- 

,ited between the fixed poi 
ftnerala the ccovez auparficii 



..C.oogic 



c;oiiiC BscnoHB. 



4. The ftcueof a eoneis thecirclewhich bdcBcribed bj 
tba nvolring leg of the triangle. 

6. If a cone be cut through the vertex, by a pltme which 
alao cute the base, the secrion will be a ^iangk. 




0. If a cone be cut into two parts, hj a plane panllel to 
the baae, the section will be a circle. 




7. If a eone be cut by a plane which pasaes throti^ its 
two alant aidea in an oblique direction, the section will bo 
an eUipns. 



8. The longest straight line that can be drawn in an eN 
ipBts is called the tramverae axis; and a line drawn per- 
pendicular to the trauaverse axis, passing through the centre 
of tho ellipse, and terminated both ways by the circumfer- 
ence, is called the eoryugau oni. 



come ncnom. 



® 



9. An ordinate u a rig:ht line drawn from toy pcHOt of 
Ihe curre, peTpendicular to either of the diameters. 



10. An €h»dt$a is that part of the diameter which ia 
contained between the vertex and the ordinate. 

11. If a cone be cut by a plane, which is parallel to 
cither of its slant rides, the section will be a parabola. 



13. The axit of a parabola is a right line drawn ftom 
the vertex, so as to divide the figure into two equal p&rta> 




13. The ordinate b a right line drawn from an j point in 
the curve perpendicular to the axis. 

14, The abtciua is that part of the axis which is con- 
tained between the vertex and the ordinate. 



oomcsHonoNs. 



IS. *If ■ CODS be cut into two parts, by a plaoAf wluch, 
heiog contiuued, would meet the opposite cone, die 10011011 
is called an hyperbola. 




16. The trtauoerae diameter, or axis of an hypeibc^, ia 
KDat pait of the axis intercepted between the tno opposite 

17. The conjugate diameter is a line drawn through the 
centre perpendicular to the transverse. 

18. An ordinate is a line drawn from any point in th« 
curve perpendicular to the axis; and the abtdtaa is the 
distance intercepted between that ordinate and the vertex. 

PROBUiM I. 

To detcribt an eUiptis, the tranaverte and conjugate (Sam- 

etert being given. 




■ The two (^ipoaite cones, in this definition, ara sigipoaed to be gan. 
crated together, bj the revoludon of the ttjae line. 

All the Egures which can possibly be fom»d by the entting of a 
couB, BTs mentioned in these detinicioiui, and are the fire foUowiDf 



M cc 

Contmetion.* 1. Draw the traiiErrerse aod conjug;ate 
diuneten, AB, CD, bisecting each other perpendicularly ia 
the centre o. 

2. With the radiua Ao, and centre C, describe an aic 
catting AB in Ff ,- and these two points will be the foci i^ 
the ellipse. 

3. Take any number of points nn, &c. in the transTerso 
diametei AB, and with the radii An, nB, and centres Ff, 
describe arcs intersecting each other in a, >, &c. 

4. Through the points s, s, &x. draw the curve A^CBD, 
and it will be the circumference of the ellipse required. 



PROBUIM n. , 

£l an etlipsii, any three of the four following terms hdng 
given, viz. the tr^nmerte arid conjugate diametert, as 
ordinate and id absciaaa, to fnd Uie fourth. 



When the frannerae, conjugate, and abtciaaa a 
fnd the ordinate. 



romt vbi. t triangle, icirelt, an eUiotit, a Hrakb, uid aakyper- 
Ml; bat the lart three only an nmully called the conic tectionj. 

* It u a kiiowD property of the ellipae, that the mun of two fine* 
down fii»n the tod, to meet in any {khdI in the curve, ieeqnalto tba 
tnuMverse dUraeter, and fiom this the tmth of the conatmctian U 
crident 

From Ihe lame principle is dso derived the fiJlowing method of 

dearaibing an ellipse, bjr means of a strmg and two puis. 

HBTing- fbund the foci F,/, at before, tdie a thread of the len^ <^ 

diameter, and fasten iu ends with two pins in the pointa 

■"•'• *he thread F »/ lo ilii greatest citent, and it will 

in the curve ; and W moving a pencil round within 

it BlwajB ftretohed, it witftrace out tfai cnrre r*- 



cCooi^lt^ 



ooNic sBcnons. 
RULE.* 



As the transverse diameter is to the conjugate, 

So is the square root of the rectangle of the two sb- 

To the ordinate which divides them. 



1. In the ellipsis ADBC, the transi'erBe diameter AB ii 
120, the conjugate diameter CD is 40, and the af ~ 

24: what is the length of the ordinate EF1 




Here X20 (AB) : 40 (CD) :: ^96x24 (AFxFB) J 
f^,/96x24=iv/2304=iX48=lfl = EF (ie ordimUe 
required, 

2. If the transverse diameter be 35, the conjugate 25, 
and the abscissa 28 ; what is the ordinate 1 An9> l(k 



When the troTtsverse, conjugate, and ordinate are known, 
to find the abgdeta. 



* Let (=the transverse diameter, e=conjugate, x=any 
aWiasa, and y^ordisate. Then will the general equation 
expressing the property of the ellipse, be r : «" ; : xX (t — as) 
•■^; and from this the four rules here given ue deduced, 



^ one above being jf=-TV*X' — *• 
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n OOKIC sscnoNi. 

RULE.' 

As the cmijugate diameter is to the transverse. 

So is the square root of the diSerence of the aquarca c^ 
the ordinate tuid semi-conjugate. 

To the distance between the ordinate and centre. 

And this distance bein^ added to and subtracted from 
the semi'transTerse, will gi\e the two abscisaas required. 



I. The tranavetse diameter AB is 130, the conjugate di- 
ameter CD is 40, and the ordinate FE is 16 ; what is the 

ibscissa TBI 

: V20>— 16»(n/0B»— FE») : 



-^ V20"— 16»^3v'40O— 266=3n/144=8X12=8«=. 

OF, the digtancefrom the centre. 

Whence 60{OB}— 36(OF)=24=BF \ . _„ . . 

And 60(OAH36(OF)=96=AF 5 = *"*• "*'*=*^ 
required. 

2. What we the two abscissas to the ordinate 10, the 
diameters being 35 and 25f Ans. T and 28. 

CASE ni. 

Whm the cotfjvgate, ordinate, and abtcieta are Jtnotcn, to 
find the tramverte. 

RULE.t 

1. To or from the semi-conjugate, according as the 
greater or less abscissa is used, add, or subtract the square 



• This rula in aJfebtaic temu is u fbllowa: The greater iibiciH* 



«=-H — -/ic' — S' oi" the leux= Vic' — y'- 

2 c 2 c 

t This rule in algebraic terms is as follows: t=(e+2 



97 

root of the difierence of- the squares of the ordinate and 
Bemi-conjugate. 

3. Then, as this sum or difference, U to the abscissa, 

So is the conjugate to the transferee. 



1. The conjugate diameter CD is 40, the OTdinate EF 
is 16, and the abscissa FB 24 : required the transreree 
AB. 



Here 30— ^/30»~l(i»(^/OO— EF»)=20— 12=8. 
Ajid S : 24 : : 40 : 130, lAe trantverse dtanieter reqtdred. 
3. If an ordinate and its lesser abscissa be 10 and 7, and 
the conjugate 36, what is the transverse t Ans. 35. 

CASE IV. 

The iranseerie, ordinate, and abiciua being given, to fnd 
the conjugate. 



Am the square root of the product of the two Bbscisaas, 
is to the tmlinate, so is the transverse diameter, to the con- 



I. The transverse AB is 120, the ordinate EF 16, and 
the abscissa FB 34 : required the conjugate. 



Vic* — yO^s-T'*"'"^" — ^Vic* — y')X-- — , according 

as the greater or less abscissa is used. 

• The rule in algebraic terms is iff >: — ~=c, thtt 

^tx — XX 

conjugate, or shortest diameter. 



c.Coo^lu 



98 coinc tmcrnan. 

Here V B4xB6 fy^B FiTA^ : X6 (EF) : : 120 (A B) 
! I6X120-HV24x96 = 16xl20-^^/2304=16xl^04• 
,„ 16X120 120 „, . .. . , 

48= — — — =—-=40 ae eoipugaU atameter required. 

2. The transreiBe diameter is 35, the ordinate u 10, and 
its abscissa 6 : what is the conjugate 1 Ads. 85. 



To_find the circumference of an eUipie, lie tnauBerae and 
eoiyiigaie diametert being known. 



Multiply the square root of half the Bum of the squares 
of the two diameters by 3.1410, and the prodnct will be 
the circumference iiearlg. 

* Penwn. Let l=traii3Terse diameter, c=conJDgatc, }i^3J416, 
nd <i=l— J. Then will pi X (_|^_^^^^— 

dcG.)=circumfereDce of the ellipse, as i« shown 



8.3.4.4.6.6 

Inr the writers on fluxions. 

(*+c* 1 (? 

Now the rule giyen above iapt/ — - — =^I^^"S"+53') 

ej>(V{l— g+2^)={by mb8atutioa)piVil~~)=plX 

d ^ 3d' —■• 

{1 — — — ^— — ^nj-ja }. *^ Bm the first three term* of llua 

■erie* diOer from the first three lenni of the fenoer only 1^ 

— ; tberefere the mle is shown to be an ^iptoziinatiiiii. Q. EL D. 

Rule 2. Mutliply J the sum of the tr 
product will give the circnmfereoce exc 
tilal purposii. 



c.C.OOglu 



ooiao'iEcnoKS. 



l.The transverse diameter 13 24, and the conjugate 30: 
required the circumference of the ellipse. 

„ ,AB*+CD» ,24i'+20» ,676+400 
Here -J ^ =-J 3 = V z = 



Va88 + 200= ^488= ^/ 32.09. 

AnA 33.00x3.1416=69.307944 &e drcuafereiux re- 

2. The axes are 24 and 18 : what is the circumference T 
Ana. 66.6434. 

PROBLEM IV 

To^fiad the area of an eUipae, the tranmene and conjugate 
diametert being given- 

RULE.* 

Multiply the trsneveree diameter by the conjugate, ana 
the product again by .7854, and the result will be the area. 

Ct multiply .7854 by one axe, and the product by tiie 
other. 



Nate. — If o =Beim.tnu«TOrse BO, C=semi-coojngBfe OO, ind 
XE=dutanc« OF, of the csdinate EF from the centre, then will tha 

arcCEbe = *x(l+g^^+ -^3^1 ** + 

8aV— 4aV+c* ,^ 

--Ti2^'^ '^^- 

The tbllowittg may serre aa a practical rule for finding the length 
of the ore C£. 

Find the length of a circalar ore intercepted by OB utd OC, and 
whose radius is J the gnm of OE and OC, and it wiD be the eUiptio 
arc CE ntarly. 

a of Ihis nile is coataioed in that of the next 



COHIC BBCtiom. 



1. What is the area of an ellipse whose transTerse di- 
ameter is 84, and the conjugate 181 

flere a4Xl8x .7854=889.292a=area reqyired. 



To fout ike area of an ellipUe tegment, wkoae bate i$ 
parailel to either of the axet of the eUipM. 



1. Divide the height of the segment by that axe of the 
ellipse of which it is a part, and find in the table a circular 
segment, whose versed sine is equal to the quotient. 



• Demon. Let the transverse diameter 2ab=J, the con- 
jugatecD=o,and AO=x, andEo=y; then by the property 

of tb» curve we shall have y=-%/to — »*, and the fluzxHi 

of the area EAP=(ya;)=-X x-/t3> — j^. But xX -Jtx — a:* 

is known to express the fluxion of the corresponding circu- 
lar segment, whose versed sine is x, and the diameter U 
Let the fluent of this expression therefore be denoted by a, 

and then the fluent of-r x'x-Jtx — a;* will bo =*7X a, 
from whence the ruk is derived. Q. E. L 

CWdI. The ellipK is eqaal to % drcle wfaoae diunetor b a, meui 
•'---' ■ ■■ - -10 oxei, mod &oin henos the mfe i* fbcmed 
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2. Multiply tbe Regment thus found, and the two ajes 
of the ellipse ctmtinually together, and the product will 
^ve the area required. 



BXAKFLSS. 



1. Required the area of the elliptic Begment EAF, whose 
height AG is 10, and the axea of the ellipse SAB and CD, 
85 and 25 retpet^vely. 



.zX^. 



_ 10.000 2.0000 „„. 

Sere — ~ = — -— =. 2867 =taitdar verted eme. 

And the tabular tegmeat belonging to this ia .18S1S3. 

Whence .185153x35 (2AB)x2S{CD)=6.4e0856x 25 
;«16a.00e8=(irea rf the Mgment required. 

2. What is the area of an elliptic segment cut off by a 
double ordinate parallel to the conjugate axe, at the dis- 
tailce of 36 from the centre, the axes being 120 and 401 
Ans. 538.7504. 

8. What is the area of a segment cut off by an ordinate 
parallel to the traDBverse diameter, whose height is 5, the 
ttzes being 35 and 25 1 Aus. 9T.S45125. 



n elliptic Kgment may alio be fannd b< 



Find the ooireaponding aennetit of the etrele described npon the 
mc aza to which the bue of the tegmenl ia perpendicnlaj. 
Then as thia (xe ia to the other ue, m> ia the ciicular m 
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PROBLEM TL 



To ieteribe a forobda, any ordinate to At a 
ab tci ua being givtn. 




* Conatrv^ion. \. fiii«cf the given ordinate SS in «, 
join Viit, and draw mn perpendicular to it, meeting the axa 
inn. 

2. Make VC and VF each equal to Rn, and F wiD be 
the focua of the curve. 

3. Take any number of points r, r, dec in the axe, . 
Arougb which draw the double ordinates SrS, die. of in, 
indefinite length. 

■ Knee Vma ii ■ right uigkd triuigle, (uutdK ia pf^midiealu . 
to vn, TXaanvTRX vmRm^=}BB*, which ia ■ knoini yttipatj 
at tin pm bi Ja when F i» the fi iciu.. And beoDM p^cr ' ^ M 
_or-frr>< or — rn=cr + iTX cf«i 2»r X 2vp = w X 4wt 
iherefbre, ( ia a point in the curve of a parabola, and the nine maj be , 
riunni of anj other point i. 

Beudn the melbode ■bore, fin finding tha fixna, it may b« baaA 
aiithmeticBilj ai fbllowa : 

Diride the ■qnue of the ordinate b; 4 tima the ibecJMa, and tba 
qaotient will be the local diirtance VF. 

Several other methodi of dwnf thii, u well aa of ilnfiiTMin Oa 
eatra itaalC maj olao b« fiond in EoMraon'a CcnleSaotioMtand cthw 
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ooxio ncnom. lOS. 

4. With the radii CF, Cr, ^. aad centre F, deacribo 
WCB cutting the correspending ordinates in the points >, (, 
&c, and the curve SVS drswn through all the points of in- 
tersection will be the parabola required. 

Note. — The line sFf passing through the focus F i> 
esUed the parameter. 

PROBLEM Vn. 

A a parabola, any three o^ the four ft^lomng lerwu ktiy 
given, vix. tmy two ordxnateM and their (iro ahiciuoM, to 
find the fourth. 

RULE.» 

As any abscissa is to the Bquaie of its ordinate, so is any 
other abscissa to the square of its ordinate. 

Or as the square root of an; abscissa is to its orclinate, 
ao is the squue root of any other abscissa to its wdinate. 



1, 'nieabscisBaVFisS.and itBordinale£F6;i8q«il«d 
the ordinate OH, whose abscissa VH is 16. 



F^ 


^I 


«/ 


:^'' 


/ : 


r \ 



ordinalet, tha eqiutioQ ol 
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= 16X4 = 04 = 
Off, or 8=GH a» before. 

2. The two abecisms are 9 and 16, and their oomapaoA- 
iag ordinates 6 and 8 ; from any three of theM to find tha. 
iburth. 

PROBLEM Vm. 

7\) J&mJ tke ItHgth of amg are of a parabola, ciUt^ bf 
a daubU ordinate. 



To the square of the ordinate odd 4 of the equare of tbo' 
abscissa, and twice the square root of the stun wiH be the 
length «r the cuire required. 



* Demon. Let z^ any abscissa, y^ its t 

\ tbs parameter of the axe, and q=~ . Then it ia shown 

bj the writers on fluxions, that, aq./1+^+aXhjf. log. 

9* ff* V S.5o* 

of (4+ ^1 +4)=2yx (1 +0-8:43+81:677-2X6:8:9 

o» 

ic.)=<'=length of the curve. But N'l + i«'=l + ^3 — 

't V 

8.4 fl "+ 8A6.27 '^' ■S'^^"'? '^•*'' ^^ former in the two 
first terms. 

TTiercfore SL= n^ 1 + ij* nearly ; and cmisequently «s= 

SyVl + i^=2%^7+f^ ^^ n™e •<■ ^ "lie* Q- £• D* 
t be died ooly when (be ibiciiia . don not 
I. Tie length <£ the eorre in other ems 
■ of l^peibolic loguithnu, u ii Aown by 
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1. The abKwaa VH is 2, and its ndinate GH 6 ; what 
ifl the length of the arc GVKI 

He«2'(VH')xt+S6(Gir)= ~ +36=y+Se= 
6.333, &C.+ 36 =41.333333. 
jln(i4i.333333{e.429 



l2.SQ9=lengA offAe are. 



115641 
1892 

PROBLEM IX. 

To find Hu area o/^ a parabt^, its boMt and height bmtg 
given. 



Multiply the base hy the height, and } of the product 
will be the area required. 

* Demon. Let vh=«, oe=y, and die parameter =j}. 

Then pxny', or ^px=^y by the o&ture of the cuire. 

Whence the fluxion of the area {=y;)=iv^px and ita 
flnent=Jafy -/px. 

But because y=t/px, therefore \ xX ./ px^\xy=saie\ 
of the parabola, which is the same as the rule. 

Coroil. Brery parabola is =} of ita circumscribing 
puallelograin. 
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1. Wbtt u the aie« of & parabola OVK, whoM heigbt 
VB it 12, and the bam or double ordinate OK 16 1 




1 39^ area required. 

1, The abscissa is 12, and the double ordinate or base 
88 ; what ia the area ? Ans. 304. 

8. What is the area of a parabola wbooe abscissa ia 10. 
and ordinate 8 1 Ana. lOef. 

PROBLEM X. 

To find the area of afrustnim cf a parabola. 

RULE.* 

Divide the difference of the cubes of the two ends of the 
fruatrum hj the difibrence of their squares, and this quotient 
multiplied by } of the altitude, will give the area required. 

* Demon. Let d=ok, d=Br, and a=FH. 

Tlien hj the nature of the curve n' — ^laitifi 

*»* J.J. J. a<^ 

-i — = =TH, and »• — (P : o : : <r : -= — ==vf. 

, , , , , tti)* , ad" , d'— <P 

And lhe,.to,. » X --i_j_|x^r-jr=»« X j,-^ 

=area of the fnistnim. Q. £. D. 



cvjnc fOKfnom. 



1. Id the parabolic frustrum GKlK, the two partl]«l 
ends £1 and GK are 6 and 10, and the altitude, oi part of 
the abacisga FH, ie 8 ; what is the area ? 




Here 10»— 6»(GK»— EP)h 
Iff— 6* 1000—816 784 98 
lO"— 6'~ 100 — 36 ~'6i~~B"' 
And 12.25 X^|-?=18.25X 

3. The greater end of the fniHtnim ta 24, the li 
19 20, aad their diatance 5i ; what is the areat 

Ans. 121.3333. 
3. Required the area of the parabolic fmstntn, tba 
greater end of which is 10, the less 6, and the height 4. 

Aii9.32|. 
PROBLEM XI. 
To eonilnKt an kyperbola, the tixauBert and an^ftgatt 
diamtter* being given. 




I7 K tUid prnportkuwl to the turn of tba two mdi, and tha «dNr 
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IM ixmic mTrioiis. 

* Ctm^nution. 1. Make AB the transTerse dUmeter, 
end CD pB^Modicular to it, the coDJiigate. 

2. Bisect AB in O, and from O with the rftdiuB OC, or 
OD, describe the circle DfCF, cutting AB produced in F 
madf, which points will be tbe two foci. 

3. In AB produced take any number of points, n, n, 4i«. 
and from F and^, as centres, with tbe distances Bn, An, aa 
radii, describe arcs cutting each other in a, t, &c. 

4. Through the several points t, », &c. draw the curre 
«Bf, and it will be tbe hyperbola required. 

6. If straight lines be drawn from the point O, through 
the extremities CD of the conjugate bub, they will be the 
asymptotes of the hyperbola, whose prc^rty it is to q>- 
proach c<Hitiiiuallr to the curve, and yet never to meet it. 

PROBLEM XU. 
In an kyperbola, any three of the four foUomng termi 
haag given, vix, the trajimerte ana ctnyvgate diametert, 
an m^naie, and iit abacisaa, to find the fourth. 



Ifu tnaueerte and eonjvgate diawtetera, and tJte two ofr. 
aciaau being known, to find the ordinaU' 

RULE.t 

Aa tbe tianaveiM diameter. 

Is to the conjugate ; 

So is the square root of tbe product of the two abscissaa, 

To the ordinate required. 

* Tbe nun of two Ihui dnwii frmi the fbd of ut el%ae to aigr 
point in the carve, U Mod to its Innaverae diameter. 

In tike muiner the daTereDoe of two linei drawn Iron the fbd t£ 
•ny hfperbda to uy p(Nnt in the coire, ia equal to ib traiuvene di- 
anielei, u is ahown by the writeri on conic*. 

Bnt tbe em inlenectinf each other in «, (, &.C. are deacnbed frem 



bnelbda. 
f Let i=tci 



1. la the bjiperboU GAH, the transverse diameter is 
120, the conjugate 72, and the abscissa AF is 40 ; required 
the <»diiiate m. 




120 (tnuu.) : 72 (cwy.) : : ■/ (160 X 40) i 
73X^/(160X40) 6X^(160X40) 

ko ■= ^10 -^=SV(1MX40)=J 

3x80 
V6400= JX80 = — g— =3X 16=4e=orrfinafe FH. 



3. l^e transTeree diameter of an hyperbola ia SO, the 
conjugate 30, and the less abscissa 12; required the ordi- 
nate. Ans. 16.3668. 



7%e trannerK and emyugaie dtameUra and an tMinaU 
hemg giten, to find the two abieinat, 

RULE.* 
As the conjugate diuneter is to the transverse. 
So is the square root of the sum of the squares of the or> 

dinate and semi -conjugate, 

To the distance between the ordinate and the centre, or 

half the sum of the absciBsas. 

jraiordinate. Then tbe general praperty ofthe calve ial'ii^iis 
(l-f x) = ff" •' "^ &<3ni thu uiilo^ all the caoes of tliiB prohlsin ( 
dedaced. 



oeaacea- 

Nate — Iq ibe hjpertnlt, th« kM aU d wt iddcd to the azii, pre* 
tbt greater. 
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Then the eum of this distance and the Hnu-traiiBvena 
will give the greater ab^iasa, and their difference the lew 
* ■ a required." 



The truisverse diameter is 120, the coDJugate 72, and 
Ae ordinate 48 ; what are the two abHcissas 1 

1296=:jjuare of the aem-eayugaU. 
2304^ajuare of the ordinate. 

860d(60=»jiMi« root. 

ae 



Aa73:130: 



72)7200(100= J turn of the abtcimu. 
72 f~ 



I60=:grtaier ahtciua. 
i(i=let» abtcieta. 

2. The transretae and conjugate diametera are 24 and 
21 ; required the two abscissas to the ordinate 14. 

Ads. 32 and 8. 

3. The transrer^e being 00, and the conjugate 86 ; r^ 
quired the two ahsciasaa to the ordinate 24. 

Ana. 80 and 20. 



♦ This rule in speciea «— '/ic'+!/'±i£= «, = greater 
..or less abscissa, according as the upper or under sign ii 
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.coaro ntomun. 



7%e tnamerte diameter, the two ahttnuat and iht o/dtaUa 
baiig given, to find the eoi^ugate. 

RULE. ' 

Am the equara root of the product of the two abaciasu, 

la to the ordinate ; 

So is the transverse diameter, 

To the coDJugate.* 



■XAVPUES. 

I. The fraiisrerse diameter is 120, the ordinate is 48, 
and the two sbBcissos are 160 and 40 ; required the ccuiju- 
gKte. 

160 
40 



Ai BO : 49 : : ISO fAe tmmene oxm. 




* This rule, expressed algebrajcally, is fJf-^ V;eX(fXx) 
[=«=conjugate diameter. 



c.Coo^lu 



2. Th« truuvene diameter is 24, the ordinate 14, tnd 
the abacieuB 8 and 32 ; required the conjugate. ' 

Aiw.31. 



Hu coi^ugaU diavieUr, tfte ordinate and two abaeitmu 
being given, to J&ui Me trmueene. 



1. Add the square of the ordinate to the square of tba 
■emi-GODJugatet and find the square root of their sum. 

2. Take the sum or difference of the semi -conjugate and 
this root, accordiHg as the leas or greater abscissa u used, 
and then say, 

As the square of the ordinate, 
Is to the product of the abscissa uid conjugate ; 
So is the sum, or difference, above feund. 
To the transverse required. 



1. The conjagate diameter is 73, the ordinate is 48, and 
the iMfl abscissa 40; what is the transverse? 



Here V48*^-36' = ^/2304+^296=^/ 3600=60: 

And eo+se=96. 

Alio 72 X *0=2880=prodiiett^the ahteitaa and eoi^ 
gate. Whmtx, 



* "Hiis rule in algebraic terms is -v.x <\'ic*+|f'=l«) 
Btstransrerse diameter. 
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A* 2304 : 2880 : : 90 
90 

17280 



2. The coDJugate diameter is 31, the less abscissa 8, and 
its ordinate 14; required the transTerse. Ans. 24. 

3. Required the traoaverae diameter of the hyperbola, 
whose conjugate is 36* the leas abscissa beiog 20, and or- 
dinate 24. Ans. 60. 



PROBLEM Xm. 



1. As the transveise is to the cmtjiig^, ao is tin oonjii- 
gaie to the parameter. 

* Denunu Let (=Beini-traiiSTer8e sze, «=seiiu.o(Hiji]- 
gste, x=<H'dinate, uid ]r=ab«cissa. Then will ffX (1 +^ 

arc, ss is shown by the writers od fluxions. 
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114 come SBcnoxB. 

3. To 19 times the transverse, add 31 times the paiam 
«tor of the axis, and multiply the sum by the quotient of 
the abscissa divided by the transverse. 

3. To 9 times the transverse, add 21 times the parame> 
tei, and multiply the sum by the quotient of the abscissK 
divided by the tFaus verse. 

4. To each of the products, thus found, add 13 dmea tha 
parameter, and divide the former by the latter ; then this 
quotient being multiplied by the ordinate will ^to tbe 
lengtltof the arc nearly. 



I. In the hyperbola GA£, the transverse diameter ia 80, 
tbe conjugate 60, the ordinate GH 10, and the i' 
AH 3.16S7 ; required the length of the arc AG. 




nature of the curve. Consequently the rule becomes (l5p-(- 
19t+3lp X ~)-^(lQp+9t+21pX Y)xy = (l5pt + 19tx 

+31px)^(l5pt+9tx+21px)xp=yX : 1+^— ^'*«- 
which by substituting the values of x and p, and espandiog 
the terms, gives a series, agreeing nearly in the first three 
terms with the former j' and therefore, the rule is an ap- 
proximation. 

If l=semi-transrerse, c^= semi-conjugate, and jr=ordi- 
nate drawn from the end of the required arc; then nX(l-|- 

6?^-— ?-S0' + <»+4^ •,-J30,ic.)=teo«Ul 
of theuc 
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•one ucnoRB. -215 

60x60 8X00 
ffireSOjaOMflO:— 5ft— =— 7 — =3XIS = 4B» 



-g^=1520+ 946 X .03704 

=34a5x .02704=66.6636. 

„ 2.1637 __ 

j«fo (SOX 9+45X 21)>« —gfp=720+945x .02704= 

16«S X .02 704=45.0216. 

Whence 675+66.6536 -h 675+45.0216 = 741.8636-r 
720.0216=1.03004; and I.03004X 10=10.3004=fen#rt 
of the arc required. 

2. The trtmsverse diameter of an hyperbola is 120, the 
conjugate 72, the ordinate 4B, and the abscissa 40: re. 
quired the length of the curve. Ans. 62.6496. 

3. Required the whole length of the cuitb of an hyper- 
bola, to the (iTdinate 10 ; the tnmsrerae and conjugate axes 
being 80 and 60. Ans. 20.6006. 

PROBLEM XIV. 

Tojiad the area of an hyperbola, the tnmmerK, 
and abscissa being given. 



1. To the product of the transverse and abBciasi, add f 
of the square of the abscissa, and multiply the square root 
of the sum by 21. 



* Demon. Let (=transver9e diameter, e 
abaciasa, 3r=ordiaate, and x 

' ^ 3 1.3.3. ' 3.5.7. '■ 6.7.9. '^>««-J — 
ares of the hyperbola. 

■ [,jn:tci;. Google 



2. Add 4 times the square root of the product of the 
tiansTeTM umI abscissa, to the product laat fbuu^ and di- 
vide the sum by 75. 

3. Divide 1 times the product of the conjugate and ab- 
scissa by the transverse, and this laat quotient multiplied 
by the fonaer will give the area required nearly. 



In the hyperbola GAF, the transverse axis is SD, the 
conjugate 18, and the abecissa or height AH ia 10 ; what 
is the areal 



ty 

But , =c^conjugate axis, by the nature of tbo 

l^perbola. Consequently the expression for the rule= 

And this thrown into a series will very nearly agree with 
the finmei; which shows the rule to be an approximation. 
Q.E.L 

Ride 2. If St, 3y=basea, v, and s their distances iixHn 
the centre, and the other letters as before, then will vx — 

tc nv+cv 

uy — -^ X hyp. log. of - = area of the frustnim of the 

hyperbola. 

Rule 3. If < be put = transverse axis, e = conjagate, 
and X =:absci8sa, the area of a segment of an hyperbola, 
ut off by a double ordinate will be = *'/^+V+'/te 

j( — very nearly. 
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come ncnom. 



Bere 21 ^/(3QX 10 +^X 1 0^= 81 .^ 300 + 600 ^ 7 =. 
21^/300 + 71.43857=31 V371.48857 =31 X 19:272= 
404.713. , 

And (4s/30x 10+404.713)-^75 = (4^/ 800+404.712) 
-^75=(4X 17.8205 -i-404.713)-7- 75= (69.282+404.713) 
-f-75=473.994-f- 75=6.31 99. 

Whetux *lill2llx 6.3199 =li^ X 6.8199^6 

30 3 

X 4X 6.3199<=24x 6.3199=151.6776=area reqidred. 

, 2. The traoaTeTse diameter Is 100, the conjugate 60, and 

the lew abocissa 50 ; what is the atea erf' the hyperbola ? 

AnB. 3230.363473. 

8. R«qiiired th« area of the hjrpeibola to the absciBsa 

SO, the two axes being 50 and 30. Ans. 805.0909. 



c.C.OOglu 



MENSURATION OF SOLIDS. 



DEFINITIONS. 



1. The mea»ire of aay solid body, is the whole ci^acitf 
01 content of that body, when considered under the tripltf 
dimensions of length, breadth, and thickness. 

2. A etihe whose eido is one inch, one foot, or one ywdi 
&c. is called the measuring vjiil ; and the content or sohdi- 
ty of any figure is computed by the number of those cubei 
contained in that figure. 

S. A eiAe is a solid contained by six aqnal square udes> 



4. A parallelopipedtm is a solid contained by six qiiH' I 
rilateral planes, every opposite two of which are equal aad 
parallel. 



fi. A pritm ia a solid whose ends are two equal, panUs'i 
and Bimilai plane figures, and whose bides are parallel^' 
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Nate- — When the ends are triangtes it is called a Irian- 
gtdar priim ; when they are squares, a iquarepritm ; when 
thej are peatagons, a pentagonal prism, &c. 



6. A cylinder ia a solid described by the Tevolution of a 
Tight angled panlletogram about one of its sides, which 
- ' A fixed. 



7. A ^pyramid is a solid whose sides are all frianglei 
meeting in a point at the vertex, and tlie base any plane 
figure whatever. 

N<ae, — When the base ia a triangle, it is called a trian- 
gular pyramid; when a square, it ia called a a^uoreor 
quadrangvUir pyramid ; when a pentagon, it is called a 
pentagonal ptpvmid, &c. 



6. A gpKtrt is a solid described b; the revcJution of a 
aemicitcle about its diameter, which remains fixed. 



9. Ilie centre of a sphere is a point within the figure, 
everywhere equally distant from the convex surface of it. 

10. The diameter of the sphere ia a straight line paaaing 



■ Tbs dsfinitiaa of ■ 



A hu been given ilrcadj. 
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Ihrougfi the centre, and tenninated both njB bf &e eon* 
rez superficies. 

11. A circular apindlt ia a solid generated by the rero- 
lution of a segment of a circle about its chord, which le. 
maJDS fixed. 



13. A ipAerotd is a solid generated by the revolution of 
1 semi-ellipaia about one of its diametera, wbich is considn 
ered as quiescent 

The spheroid ia called prolate, nhen the revolutitn i 
made about the transverse diameter, and eblate when it ',: 
made about the conjugate diameter. 



13. Elliptie, parabolic, and hyperbolic tpiniUt, an 
generated in the same manner as the circular spindle, the 
double ordinate of the section being always fixed or quies* 

14. Parahalie and hyperlx^ic conoidt, are solids fornwd 
by the revolution of a Semi-parabola or semi-bypeiboli 
shout its transverse axis, which is considered as quieaceol. 



15. The tegmmt of a pyramid, sphere, or f^ any other 
olid, is a part cut off from the top by a plane panllel to 

Hie base of that solid. 

16. A fhutrum or trunk, is the part tlu^ remuns at the 
bottom, after the segment is cut off. 

IT. The loite o^ a Mphert, is thai part which ia inte^ 
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OF sauiM. in 

eef>t«d betireen two parallel i^neB ; and when tboee planei 
are equally distant from the centre, it is celled the tniddla 
■ODe of the sphere* 

, 18. The height of a solid ia a perpendicular, drawn 
ftfxa its vertex to the base or plane on which it is supposed 
o stand. 

FKOBLEM I. 

Tojind Ae toHdiij/ of a cube, the height of one of itt tidea 
> being given. 



. Hultipljr the side of the cube b; itself, and that product 
•gain by the side, and it will ^ve the solidity requued. 

BTCAMPUB. 

I. The Vde AB, or BC, of the cube ABCDFOHE. ia 
25.5 : what is the solidity ? 



1 E 

-,11- in 



" Dtmon, ConceiTa tlia bue of the cube la be prided into a nno 
bcr of little •qtui^ etch equal to tbe tupa-Aeial meantring mil, 

titti will tbMs aqnirea be tbe bue* of ■ like Dumber of mm 
cnbei, which ue each equal to the (oli^ tneaturing \nil. 

But tha Dumber of little iqiiuea contained in the baaf of the col 
aie equal tn tbe iqiure of the aide of tliat hue, at hu been (hown ■ 

Jr, the number of small cubes contained in tl 
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Hen AB>=!n.6|>=35.fix25.6x2fi.6=25.5x6M.25' 
E=16581.376 the onmter, or content cf the cube. 

8. The side of a cube is 15 inches : what is the solidi^t 
Aus. lfi.llin. 5pa, 

S. What IB the solidity of a cube whose side is 17Ji 
incbeat Ana. S.1015 feet. 

PROBLEM n. 
Tafind the K^idity of a foraiUlc^pedoit. 



Multiply the length by the breadth, tad that product 
agun by the deptji or altitude, and it will give the solidity 
Te<}uired. 



1. Required the solidity of a parallelopipedoii ABCD 
FEHG, whose length AB ia 8 feet, its bieadth FD 4^ feet, 
•nd the depth or altitude AD 6^ feet T 



Ae •qmre of the nde d* the liaM mnlti^cd bj tiie baw, U eqoil to 
thesotiditf. Q.E. D. 
JVotc — The watfkoa of the eabe if eqmil Is ui time* the iqnu*. of 

* The re&Mm of this rule, as well u of the foUowiog emu Sat th* 
{•ism and cyiindar, is the same as that for the cnbe. 

Note. — The aorfiice cf tho pandlelopipedon ia eqtul Is the ram of 
tke wreaa of each irf* its flidei^ ends. 
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~ Bire AB X AD XFD = 8x6.75X4.6= 64X4.6 = 248 
solid feet, tie amtmlM o^ the paraUeloptpedon required, 

3. The length of a parallelopipedon is IS feet, and each 
side of its square base 21 inches: what is the solidity? 

Ana 45.9376 /ed. 

8. What is the solidity of a block of marble, whose 
length is 10 feet, its breadth. 5| feet, aad the depth H 
feett Ana. 201.25 feet. 

PROBLEM m. 
To find the scUdity (^ a prian. 



Multiply the area d the base into the perpendicaJar 
height of the prism, and the product will be the solidi^. 



1. What is the solidity of tbe trianguhi prism ABCF 
ES>, whose length AB is 10 feet, and either of the equal 
aides, <tC, CD, or DB, of one of its equilateral ends BCD, 
Sjfeetl 
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•HmixUJi* X ■/8=iX 6.25X V8=1^18X ■•*« 
IJWSSX 1.7S2=2.T0e26=area o^ the hue BCD. 
aA+8.5+2.6 7.5 

Or, 2 ='2" = ^■'^'^ = i»mcfAe udea, 

BC, CD, DB, of the triattgle CDB. 

jImI 3.76-^.5= 1J26, .-. 1.25, 1.35 and 1J25=3 (N^er 

Tnienee v'8-75X1.25xl.26X1.25=,<S.75xl.25«= 
^/7.S84al875=2.706S=(^«a of tAe Aiue a« ftffore, 

Jbtd 2.7063X 10=27.063 mlid fiet, the contaU of Ae 
fiism required, 

3. What is Ae eolidit; of s triangular prism, whoM 
length is IS feet, and one side of the equilateral end 1^ 
feetl Adb. 17.5370265 feet. 

3. Required the solidity of a prism whose base is a hexiu 
goD, aopposiog each of the equal sides to be 1 foot 4 iochea, 
and the tei^ of the prism 15 feek Ans. 09.36211;. 

PROBLEM IV. 
7b _find the convex turface of a cylinder. 



Multiply the periphery or circumference of the base, hf 
the height of the cylinder, and the product will be the cod* 
vex surface required. 



I. What is the convex surface of the right cylinder 
ABCD, whose length BC ia 20 feet, and the diameter of its 
base AB 2 feet? 

• See Nelci In Prat. lit. Car. 3. jk 56. 

t Dtmon. If the periphery of the bus b« nmeoiTed to more in • 
dilectimi puallel ta Hsclf; it will generate the cxnvei snper&ciea of 



t.,H,gfc 



Hen 8.1416X 2=6.2832=p«ipAtry <fike base AB. 

Aad e.283Sx20=lS5.6640 tquare feet, tke emwxily 
rtgvired. 

2. What is the convex surface of a right cylinder, the 
diameter of whose base is 30 inches, and the leng:th 60 
ischea t Asa. a6S4.88 incAu. 

8> Required the convex superficies of a right cylinder, 
whose circumference is 8 feet 4 inches, and its length 14 
feet. Ana. 116.666, 4^. feet. 

PROBLEM V. 

Tofnd Ae aoliditi/ i^a cyKtider. 

RULE.* 

Multiply the area of the base by the perpendicular 

height ti ue cyUnder, and the product will be the solidity. 

* The finir fiijlowiiig csvea eontaiii all themlei fbi finding the m- 
porficie* and aoliditiM of et/Undrie unguiai. 

1. Witn tit ttetiaa i* paraUtl to tht «rii vf At eyiinitcr. 
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I. What ifl the poliditf of the cylinder ABCD, the di< 
■meter of whooe ban AB is 30 inches, and the beigiit BC 
60 inches? 



SvU L Holliply thelengthofthearclineof tlMbMebjrthaliu^ 
ef the cf Under, uul the prwluct witl be the curve nirfoM. 

3. Mnllipl; the uea (^ the baas by the height of the cjlindor, lod 
Ae jtodaet will be the nliditj. 

n. mm tit tietiint patte* Miqiiely tJtnugh tkt vppMitt tidtt ^ 
AteytindtT. 



Itiil« 1. Mnhiplj the circnin&reQoe of tlie bun t£ the ejUndar bj 
half the tarn of tbe greUeM and leut tcDgthn of the QDgnla, ind tM 
pmdiict will be the euro nafaci. , 

9L Holtiid; the ITU ofthe base of the cylinder by hilf the nim of 
dte greatent uid lea<t lengthi of the uugnlo, and the piodnct will be 
the uiidUy. 




Ailel. MuMplythe line ofhalfthe are oTth* hue InlheduiDatai 
«f tiia i^lindei, and from lhi> pnidnct labtimct the prodact of tha ue ' 
ndGoeme. 



• Sere .7854 X 30»=.7854X 900=706.8fl=areo qfOu 
haxAB. 



f half the ue of the bWa, 
ud the eoune of the m4 - 

4 MuUi^T tlM dtSfirBiice, thoB fboDd, by the qDOtiaiit uinog fivm tfaa 

bmgbt dinded by the Tened sine, and tlM {vodact will bo the ulidilf. 

IT. Whtn a* tteiiortpautt oUijiuIy Ihrtugh bath ndt vfU* «yL 




Jbil* 1. Ccineeh>« tbe nction to be continned, till tt tnevti tlw lida 
of the evliniiler pioduced ; then any, u the difierence of the Tened 
■ineaof Wf theonu of the two end> of the unguis, is to the vcnad 
■ine of half the aic of the lesa and, >o ii the height of the cyiinder lo 
the part oF the aide produced. 

2. Findthenirikceof each DFtheimgalaa,tbuB formed, bjCawIlL 
wad their diSeience will be tlie turface required. 

3. In like manner find the aoliditieB of each nf the angolas, uwl 
their difierence will be the lolidily required. 

* In worlung the eiamplea in UiiB and the bDowing nilea, .7854 
h Dsed tor the area, and 3.1416, tha circomfbrenoe of a circle whon 
dianKter ia 1 ; where greater eccnrai^ ia reqmred. .7853981634 maj 
bs naed fis the ares, and 3.111S33e53S9 for the cucnniAMnee. St* 
KaU to Pnb. IX. SuperJUiet 



,;. Google 



35343 
And7W.afiX 60=35848 cuWcincAw; or ^^gg =g0.4C31 

tolid feet, the aruwer, required. 

2. What is the solidity of a cylinder whoee height is 5 
feet, and the diameteT of the end 2 feet ? 

Am. ia.708 feel. 
S. What is the solidity of a cylinder whose hei^t is 20 
feet, and the eiicumfeieDce of its base 20 feet also 1 

Ans. 636.64 feet. 

4. TTie circumference of the base of an oblique eylmdei 

is 30 feet, and the perpendicular height 19.318 ; what is ^ 

■oUdity 1 Aos. 614.93 fea. 

PROBLEM VI. 

Tojhd th^ convex mrfate <fa right coat. 

RULE.* 

Multiply the circumference of the base by the slant 
heig-ht, or the length of the side of the cone, and half the 
product will be the surface required. 



* Demon. Let AB=a, Bc=b, 3.1410=ji, and mD=sjf. 
Then a ■.b::jf : ■— :sDC;uid}iys:circuinfeTeBceoflba 
:^cleIS. 
Butj^;< ^ =fiuxion of the surface of CED, and its 

%, becomes-^- = ccmvez aur- 
lace of the whole cone. . Q. E. D. 

7b Jind tht taifaci of a right pyramid^ 
Atl<. Hiiltiplrtlwpsiiiiietsrof tbeUnbTthskordiaf te«id^ 
'-^-"^-'-^rftha cmw, and htlf ilie]iK>d(Kt wiUae tha au&om' 



■OF muin. 



1. Tim diameter of the base AB ii 8 foet, utd tbe slant 
height AC oi BC IS feet ; required the cmiTcx Mur&m vt 
tbe cone ACB^ 



Bere5.lil6x8=SM4S=circimferetuxoftkeia$eAB, 
,„^ 9.4248X15 141.3720 ^^„^,^ ,^uare feH, tU 

eoKUX rarface required. 

8. The diiunetei of a ri^ht cone is 4-6 feet, and tbe 
slant height 20 feet; lequi^ed the coDvex surface. 

Ans. 141.373^. 
S. The circumference of tto base ie 10.7S, and the slant 
height 18.S5 ; what is the convex surface ? 

Ans. 98.09376. 

PROBLEM Vn. 

To fold At ceimex vtrface cf Aefnutrvm ef a right 



Multiply tiie sum of tbe perimeters of tbe two ends, by 
the slant height of the itustnim, and half the product wiE 
be the surface required. 
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b Um fnistrum ABDE, the circumferenoea of the two 
eodi AB and DE an 22.5 and 15.76 respectivelj, aod the 
■Uuit height BD is 26 ; what is the convex snriacfl 1 



(a2.B+15.75)>c26 



ffere- g — =22.5+15.75 X lS==88.a6x 

IS :=iff1. 25^ eontex surface required. 

TbeaF : p a b(BC) : CD; and, by diTisiwi, P— p :f> :: 
.b-^-CD{k):ci>=-^; butp x(A+^^=twice thecon- 
Texsurfaceof the wholecone, by thelastnile; andalsopX ■ 
ph 

=twice the convex aurface of the part ECD. There- 

F— p ^ 

forepX(i+ ^)-pX ^=hF+i^pX^ = kr + 

p— p p— p p-^ 

Ap:=p+pX&^tnice the conTex surfaoe of tfae ftiutnim 

ABDE ; and the half thereof is (l±^l^ which is the aaine 

2 
as the rule. Q.E.D. 

nfind the mafaet of Iht fruMrvm of a rigil jijTmmA 
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or acntUK - Itl 

I. What is the convex Borface of the fhistnim ctf a ri^t 
. cone, the ciicnmfei«nce of the greater end being 30 feet, 
that of the lees end 10 feet, and the kugth of the slant aide 
SO feet? Aub. 400 feet 

St. What is the convex surface of the frustrum of a right 
cone, the diameters of the ends being 8 and 4 feet, and the 
length of the slant side 20 feetl Ans. 376.992 feeL 

3. If a segment of 6 feet slant height be cut off a cone 
whose slant height is 80 feet, and circumference of ita base 
10 feet; what is the sorisce of the frastrnml 

Ana. 144 feeL 

PROBUM vin. 
To Jitid He MoKdUg <^ a eoae or pyramid. 



Multiply the aiea of the base by one third of the p 
'. diculBT height of the cone or pyrunid, and the product will 
be tile Bolidity. 

* Demon, Let so=a, ca^x, and A=fliea of the boas 
of the cone acb. 

Then o»(c8") ! a^(c»') : : ab« : kd» (by sim. ^) : ; a : 

A«" 

— , (=area of the circle bo) because all the circlet an 

aa die squares of their diameters. 

But — X z=fluxion of the cone Km, and its fluents 
a* 

— , which, when x=:a, becomes— = AX-^for thescJid- 
8a> 3 3 

ity of the whole c(Hie. Q. E. D. 

In the pyramid cedb it will be a'{ca') : x'(cs*) :i oi* 
: ce* : i ed* : eo* (by sim. as) : : a (area of the base kb) : 

'^ (area of the ptdygon eb) bec^uae all umilai flgnres we 

as the squarea of their like sides. 



■„..CI;.CCX)^|U 



1. Required the aolidity of the cone ACS, Vhose iffitdi* 
ttxr AB ii SO, UA its perpendiculu hei^t CS 84. 



Here .78Mx20»=.7854x400=314.18=flrea of tke 
hateAB. 

24 
And 314.16X-5- = 314.16x8 = 2513J8=«rfi<K(yr6. 

Si, Esquired the solidity of the hexagon^ pyramid ECBD, 
each of the eqiutl sides of its base heing M, anl the per- 
pendicubr height CS 60. 



But ~ X x=fiuxion of the pyramid ceob, and its eof^ 

lect flneDtssAX — the Bfirac as in the cone i andfhia nila 

8 
ii general, let the figure of the baae be what it wilL 



Here S.S&S076 (muUpKer token the tufa m 1) X 40^ 
2.698076X lS00=il56.9Sil6=area oj Qtie ban. 
60 
-4nd4I56.9216x ^=4168.9216x20=83138.432 ao- 

Udity required, 

3. Required the solidity of a triaugular pyruiiid, whooe 
beight ie 30, utd each side of the base 3. Ans. 38.&71I7. 

4. Required the Boliditj of a equaio pyramid, each side 
of whose base is 30, and the perpendicular hei^t 20. 

. Ans. 6000. 

6. What is the solidity of a cone, the dis^ter <tf whose 
base b 18 inches, and its altitude 15 feetT 

Ans. e.83575/ee(. 

6. If the circumference of the base of a cone be 40 feet, 
and the height 60 feet; what is the solidity t 

Ans. 2122.1333 ftrt. 

7. What is the content of a pentagonal pyramia, Its 
height being IS feet, and each side of its base 2 feetT 

Ana. 37.5276 , 

PROBLEM IX. 

To find the lolidity ^ ajhutrum of a cone or pyramid. 

RULE.* 

1. For ikefrugtrum of a cone, the diameters, or eireum- 
Jerencet of the two ends, and the height being given. 

* Demon. First let D=diametei ab, d=BB, p=.7854, 
j&=se= the height of the fiustrum abdb of the cone. See 
the Uutfiguret. 

Then o : d t: ce : ct, and d— d : d t: ca — cs (A) : 
dh , . , , „ P^ dh . 

— j = cs= height of the cone edc. But -g- x (A+ - — j) 

dh 
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Add (ogetlMr the tqnan of flu diunoter of the greater 
end, the squan-of the diu»et«r of the lew end, and the 
product of the two diameters ; multiply the sum h; .7854, 
and the product by the height ; i <rf the last product will 
be the solidity. Or, 

Add together the square of the citcumference of the 
greater end, the square of the circumference of the le«s 
end, and the product of the two circumferences ; multiply 
be sum by .07958, and the product by the height ; ^ of the 
hat product will be the solidity. - 

II. For tk^fmtlrmKf a pymimd »he»e »de» are rtgu- 
lar polygoru. 

Add together the square of a ade of the greater sod, 
the square of a aide of the less end, and the product of 



_ -oh , p D*^— d* hp , , , js , - , Ap 

the solidit; of the IruBtrum ABDE, which is the same u the rale. 
And, uncs the drcumferences of circ]« have ths aame ratio thit 
(heir diiunelere have, if C be put lor the circomiereoce of the grcaler 
end, e=that of 4be lew end. Bad p= J)7958, the demoBat™tioii of the 
role, when the drcumferences lue giren, will difler in nothing from 

Again, for the polygon, let 8=ED, (=«{, and m=proper midti. 
ptier in (he tabic of piAjgooa ; then 8 : « : : CS : C«, uul S— > : i ; : 

But m^ and m^ are the areas of polygons whose aides 
are s and ■ respectiTely. And therefore "3" + (^+ - — -) 

fiw* A* » ft 

3~^ b ' "= (««* +™' — nu'X——^X-^=(na'+vt^ 

+m»s)x -o-i=(s'+»" + 8*)X-o-=solidity of the irustrmn 
CEDR& which is the same as the rule. 
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these two eidei; multii^y the mm bjr the proper nunibor 
in the table, Prob. VIU. of Superficies, and the product by 
the height : } of the last product will be the soliditf . 

Note. — When the endi of the pyraudd* are not regi^ar 
polj/gont. Add together tiie areas of the two eoda and 
the square root of their product ; multipl}' the sum by tbs 
height, and i of the product will be the solidity. 



!. What ia the solidity of the fniBtmiQ of the cone 
EABD, the diameter of whose greater end AB is 5 feet, 
that of the leas end ED, 3 feet, and the perpendicular 
height S«, 9 feet? 



{6» + 3>+5x 3)X .7854X 9 346.3614 

---^- — - — ~ = ——=118.4538 aoltd 

feet, the content of thefruatrwn. 

2. What is the solidity of the fnistrum cEDBft of an 
hexagonal pyramid, the side £D of whose greater end is 
4 feet, that eh of the less end 3 feet, and the height S*. 
9feet7 



c.C.OOglu 



ISA mmuBATioN 

(4'+8'+4xa)X2.S98076x9 _ 868.1SC»0S 

3 *~ 8 "■ 

totidfia, the toUditp required. 

3. What ia the eoUdity of the frustcum of a cone, the 
diameter of the greater end being 4 feet, that of the less 
end 3 feet, and the altitude 9 feet? Ans. 65.9786. 

The SMmriag cima cantaiD all the nilei tor finding the mpet&dea 
and ■oliditica of conical nn^ulas. 

1. Witn the lectioti patte* Arouffh the oppotiu extnmitia of tit 
nidf of the fnutrum. 



Let n^AB the diameter of the greater end ; (I=ci>, Ibe 
diameter of the less end ; A = perpendicular height of the ■ 
frustrum, and n=.7654. 



Then — - — . — x -g-=solidity of the greater elliptic 
ungula ADB. 
D-^vd — d' ndh 
— . — X -g-=8oUdUy of the less ungula ac». 

— r~~j — X -s-= difference of these hoofs. 



And^ — ^V4A* + (d — d') X (d* — —^•/Dd)=atm 
surfitce of adb. 
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4. What IB the solidity of the fiiistnim of a cone, the 
circumference of the grea.ter end being; 40, that of the leas 
end 30, and the length or height 50 1 Ana. 3713.7838. 



Let s=tabulai segment, whoae versed ei 



Then (axn'— <x,(Px ^^^'i 

solidity of the elliptic boof £fbd. 

1 d" 

And r — jV 4A' + (n — df x (seg. fbe — -^ X 

iX(D+d) — ir Br 

d AT ^ ^d— Ar^ *^^' "^ ^^^ circle ab, whose 

height is j>X —3 — )=equa] convex surface of sfbd. 

IIL Witn tit teetimit panilUl to one of thi tide* ^thtfniitnim. 




Let Anmru of the bue FBE, md the other letten ai befbre. 
Thenl^— j — JdV(B— d)xd)X JA=Bolidityofthepaia- 

bolic boof KTBD. 



And —^Vih'x jo—dy X (sog. rai — in — d X 

i/dx D— <i)^convex Burface of bfbd. 

IT. WientheMeetioncut*^piatqftktiatt,andmaJiMlitangl« 
DrB gnaltr tMan the angle CAB. 
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5. What is the aoltdit; of the frustnun of a squara pyia- 
md, one aide of the greatei end being 18 inches, thjt of 
the leas end 15 inches, and the height 60 iuchea I 

Abb. 16380 incAe* 
0. What is the aoliditj of the frustram o( an bexagenal 
pframid, the side of whose greater end ia 3 feet, that of 
the less end 2 feet, and the length 12 feet? 

Ans. 197.453776/ert. 

PROBLEM X. 

ToJSnd the tolidUy of a cwmtt or wedge. 

RULE.* 

Add twice the length of the base to the liength of the 
edge, and reserve the number. 




Let tbe area of the JiTperbolic h 
tirculu Kg. EBFko. 

~ — tX (aX D— aX )=solidity of thfe hyper. 




Note. — The transverse diameter of the hpj. aef. »= 
dxcr ar 

— . — _ - " anqttifl'Conjngate=ay j — , ftora which its 

irea may be found by the former rules. 

■ Demon. When the leorth of the base ia ecjiuJ lo lulf of tbs 
ndge, dra ^rtOgfi ia endentlf equal t» half a pri«« of tbe mim 
■•■0 and Utitode. 



c.C.OOglu 



Multiply the beif bt of the wedge b; the bresdth of ^le 
baee, and this product by the rcseived number; ^ of the 
list product iriil be the solidity. 



\. How many solid feet are there in a wedge, whose 
btse is 5 feet 4 inches long, and 9 inches btood, the length 
of the edge being 3 feet 6 inches, and the peipendlcidar 
height 2 feet 4 inches T 



170X28>^9 170X38X3 

6-^—= 3 = 170X14X3 = 7140 soHd 

inches. 

And 7140^1738 = 4.1319 »oUd feet, the amtent re- 
qaired. 

And according u tha edge is sborter or longer than the base, the 
uredMis -' ■' <--"■- -^- ■-- - ^^ --.... 

whose baw U 
bUe of the w«d^ 

Therefore, let the lengHt of fiie base BCciL ; the hngth of the 
^ife EF=1; the bieadth o( the base BA=bi and the height i^ the 
wedgB EPeI ; and we ahall hare br the ibniter nlea 

«*±Mx±£±i.«?+Hxf:=f=HxH±£fr£U>, 
9 3 2^3 6 '^ 

2L+i - _ _ 
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2. The length and breadtli of the base of a wedge are 
35 and 15 inches, and the length of the edge is 55 incbes ; 
what is the solidity, supposing the perpendicular hei^t to 
be 17.14508 inches? Ana. S.100Q feet. 



PBOBLEM XL 

To find tke loliditjf of a pritmoid. 

RULE.* 

To the sum of the areas of the two ends add four times 
the area of a section parallel to and equally distant from 
both ends, .and this last sum multiplied by ^ of the height 
will give the solidity. 

Note. — The length of the middle rectangle is equal to 
half the sum of the lengths of the rectangles of the two 
ends, and its breadth equal to half the sum of the breadths 
of those rectangles. 



■ Denun. The redangnlar priamoid U eridentlj ccnnposed rf" 
two wedges, whose heights ue equal to the height of the pris- 
moid, aoil their baMS its two ends. Wherefbre, b; tha ItM 

A 

problem its solidity will be=(2L+JXB+3/+LX J)X -g. 



BL+bl+4KmX -oi which is the rule, as was to be shown. 

Thb BoliditieB of liie two parts, comiDonlj called the nugiilaH, <« 
I100&, into which the trustrum tt > rectingutaT pjrunid ia divided, 
niKy be Ibtmd by the laet two rules, aa thej we only compoaed of 
wedges and prismaids. 

A very elegant demonstration of thia rale for the priamoid may bo 
seen in Simpaon'i Fluxiont, p. 179, 9(J Edilvm. 

If the bases of the prismoid are dissiniihu' rectangles, of whldt 
L, I and M, TO are cor reapondi ng dimenaiona, and A the height J 

Then (a+iJjc+2/+i..m)X jA=8olidity. 



1. What is tfae soHdity of a rectangular prismoid, the 
leng^ and breadth of ooe end being 14 and 12 inches, and 
the corresponding aides of the other 6 and 4 inches, and 
the peTpendicular 30^ feet. 




Here l*Xi2+exi=l«8+24=19ii=ttaHaf the areiu 
of the two ends. 

14+6 20 
Alto — n~— '2 =10=fe>i^ o^ ike mddle rectangle. 



«10x8x4= 
the middle reclajigle. 



X 4=320=4 timet Ike area of 



<V(320+192)x-g- =512X61 = 31232 Mild iBcA**. 
And 31232^1738=18.074 solid feet, the content. 

2. What is the solid content of a prismoid, whose greater 
end measures 12 inches by P, the leas end 8 inches by 8, 
and the length, or height, 60 inches ? Ana. 2.453/eef. 

3. What is the capacity of a coal wagon, whose insidfl 
dimensiona are as follow : at the top, the length is SI J, and 
breadth 55 inches ; at the bottom the length is 41, and the 
breadth 29^ inches ; and the perpendicular depth is 47^ 
inches? Aos. 126340.69379 cubic incke*. 



PROBLEM Xn. 
To find Ute eoneex tuiface <f a ^Itere. 

rum:.* 

Multiply the diameter of the sphere by its circmsfereoM 
and the product will be the convex superficies required. 

Note- — The curve surface of any zone or segment will 
also be found by multiplying its height by the whole cir- 
cumference of the aphcre. 



■ DttaatL Pat Ibe diuoeter BG=d, BA»z, AC— y, BDsx; lod 
3J4l6t=>i>. 
'^Theii, dnce the triangleB AOC and CED are liiiiilu, w« ahkll 
J . dx 

bftTB oi (y) : CO ^ : : CE (i) : od(*)=^. But 2pyx U the gm^ 

nl eipmndon fbr the fioiktt of an; surface ; and there^e, bj 
mbabtntiiig =-- Gh ita equal z, the fluxioa will become pdx ; and 
CdUBeqneDtlj pilz=nu&cs of onj segment of a qdiere whoae It^hl 
is z, and j><i<l=tb(tt of the whole epliere. Q. E. D. 

Cor. 1. The surface of a sphere is also equal to the eurre surfaM 
(tf its circumscrilniig cylinder. 

CfT. 3. The surface of a sphere is also equal to Smt times the 
area of a great circle of it 

1. To find the lunar surface jncladed betneen two gTeat circles of 
the sphere. 

Rule. Multiply the diameter into Uie breadthof the surface in tha 
middle, and the product will be the superficies required. Or, 
As one right angle is to a great circle of the B[Aere ; 
So IB the angle made by the two great circleB, . 
To tbe Hujfacc included by tbem. 
S. To find the area of a spherical triangle, or the surface included 
by the intersecting arcs of three great eirdes of tUe sphere. 
Rout As two right angles, or ISO", 

Is to a great circle of the sphere ; 

So is tte excess of the three angilea above tm> right sinlra. 

To the area <£ the triangle. 
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1. What ia the convex superficies of i f^obe BOG 
WJKWB diameter BO i« 17 incbesl 




HenS.1416x 17 X17=S3.40T2X 17=907.9224 STtiare 
iaehes. 

And 907.9224^144=6.305 tqvarefeet, tht anneer. 

2. What is the conreif superficies of a sphere whoae di- 
ainetcx ia 1} feet, and the circumference 4.1888 feet 1 

Ana. 5.58506 feet. 

8. If the diameter, or axis of the earth be 7967) mUei, 
what is the nhde surface, supposing it to be a perfect 
sphere? Ans. 108944286.35235 tq. mUet. 

4. Hie diatnetei of s sphere is 21 inches ; what is the 
convex superficies of that segment of it wiiose height is 4)- 
incheat Ans. 296.8812 inchei. 

5. What is the coavex surface of a spherical zone, whoae 
breadth is 4 inches, and the diameter of the sphere, from 
which it was cut, 25 inches? Ans. SI 4.16 inchea, 

PROBLEM Xm. 
Tofatd the idUdity of a aphere or glebe. 



Moltiplf the cube of the diameter by .6280, and tlio 
product will be the solidity. 

* Deaim. Put jj>=x, i>c=y, the diameter AJi=d, and 
p=8.146. 
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1. What b the solidity of the sphere A£BC, whoae di> 
smeter AB is 17 inches f 



Here 17»X5236 == 17 X 17 X 17 X. 5236 = 289X17X 
5236 = 4913 X .5336 = 2572.4468 trJid inches. 

And 3572.4468— 1728=1.48868 solid feet, the onnser. 

3. What is the solidity of a sphere whose diameter is Ij- 
feetl Ans. 1.2411/eef. 

3. What is the solidity of the earth, supposing it to be 
perfectly spherical, and its diameter 7057| milesl 

Ans. 363868149120 imUs. 



Then, by the property of the circle, dx — a^=y*. But 
the general expression for the fluxion of sjiy solid is pj^i • 
and therefore by writing dx — x* for its equal y*, we shall 
ImvepxXdx — 3?=pdxx—p3?x. The fluent of which is 
pdai' p^ Spd3^~2p;^x 
—^ j-^ g ^content of the segment oak. 

3piP — Spdi* 
And if d be substituted for x, it will become ■ - — — 



is the same as the rule, 
ir globe, is eqiul to two-tbirdi of ita cireiiB. 
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OF BOUM. 14ft 

PROBLEM XIV. 

TV) fold tiie tciiditi/ of the tegment of a tphert, 
RULE.* 

To three times the square of the radius of its base add 
be square of ita height ; and this sum multiplied by tba 
height, and the product again b; .6236, will give the ■■>- 
lidify. Or, 

From three times the diameter of the sphere ewbtract 
twice the height of the segment, multiply by the square of 
the height, and that product by .6896 ; the last product 
will be the solidity. 



1. The radius Cn of the base of the segment CAD ii 7 
inches, and the height An 4 inches ; what is the solidity I 



• Demon. Let r=radiuB of the base of the segment, h 
= height of the segment, and tbe other letters as before. 

Then will (3dA' — aA^X^=solidity of the segment, aa 
ifl shown in the last problem. 

But since — ]r~='^t ^7 **« property of the circle we sbaJl 
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Here (7*X3+4')>c4x.5236=(49x3+4»)x4x.6288 

=(147+4")X4X.5236=(147 + 16)X4X. 5236 = 163X1 

X .5336=663 X .5336= 341.3972 solid inches, the answer. 

2. Wbat is the solidity of the se^ent ot a sphere, tlie 

diameter of whose base is 20, ajid its height 91 

Ans. 1795.4244. 
8. What is the conteot of a spherical segment, whose 
lieight is 4 iaches, and the radius of its base 8 1 

Ans. 435.6353. 
4. What is the solidity of a spherical segment, the di- 
MDeter of its base being 17.23368, and ita height 4.5? 

Ajw. 572.6566. 
B. The diameter of « sphere being six mchea, required 
the solidity of the segment whose altitude is two inches- 
Ana. 29.3218 cubic incbee. 
6. Required the solidity of a spherical segment, (be 
heiriit of which is 15, the diameter of the sphere being IS. 
Ans. 2927.44. 

PROBLEM XV. 
Tojind Ae stdiditg afafnabrum or xme of a tiAert. 

RULE.* 

To the sum of the squares of the radii of the two ends. 

add one third of the square of their distance, or of the 



of the segment, which is the same as the rule. 

Or, if i?=diameter of the sphere, and i=height of ths 
segment; then will .5236/t'x(3iJ — 3A)= solidity. 

* Demon. The di£feretice between two mgmmbi of a Rpbere wbaM 
hetgbta ore H and h, and tbe radii of whose baaes are it and r, wil 

by the laul proUem:3i| X (3K<B+H>--3r<i— A>}— khm wboM bdjU 
m H—k. And tberejbre by putting a Tor the allituda of the Btutrim, 



breadth of t&e zone, and this sum multiplied by the said 
breadth, and the product again by 1.5706, will give the 



1. Wbat b the solid content of the zone ABCD, whose 
greater diameter A& is 20 inches, the less diameter CD 16 
Uichesi and the distance nm of the two ends 10 iiicheal 



Here lOJ +7.5' +-3-) X lOX I.5708=(100+6e.25+ 



2. What is the solid content of a. zone, whose greater 
diameter is 34 inches, the lees diameter 30 inches, and the 
distance of the ends 4 inches? Ans. 1586.6112 inchet, 

S> Required the solidity of the middle zone of a Bpbere, 
whose top and bottom diameters ue each S feet, and the 
breadth of the zone 4 feetl Ans. 61.7848 /ec(. 



El— ^ — aiidB—A^,wo»Iia]l have («* + »* + -g-) X -^tViacb is Um 

ir it b< the middle Kpneof the gphere, the wilidity will bo=iP+|i^ 
X ISHhi when dimi&tiatia: of ewsh end, and h'^ila bei^ 



t.ocgfc 



PROBLEM XVL 
To find the lolidity of a g^eroid. 

RULE.* 

Multiply the square of the revolviDg axe by the fixed 
axe, md this product again by .6236, aod it will give the 
Boliditj required. 

Where note that .5336 is=| of 3.1416. 



1. In the prolate spheroid ABCD, the tnnaverse, « 
fixed axe AC is 90, and the conjugala, oi revolving axe 
DB ifl 70 : what ia the solidity t 



• Demon. Let AC=a, »bs=6, Ar=ar, m=y, and p= 
8.14169, &c. 

ft* 
TiKB t^:¥::itx (o—x) : -,X (oa;— ar^=s» by the prop. 

erty of the ellipsia. 

And therefore the fluxion of the solid {=py''x)=^X 

(axx — «*»); and its fluent X 5^ x{iaai' — izS) = segment 

nAffl. Which, when x=a becomes -^ X (i«^— Jo')= -q- 
^content of the whole spheroid. Q. E. D. 

If /be put=fixed axe, r=re?ol»ing.axe, q^J^ r*)-?- 
./", and p=3.1416, ic. 

Then will p>f-/\ +i3^urfBce of the oblate epheroid, 
oBd prfy/ 1 — ^=s that of the prolate epheioid. 
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flereDffxACx.5236=70=X90x.S236=4flOOx90X 
.5236=441000X .5236=230907.6= wlidt/y rtqidred. 

2. What is the solidity of a prolate spheroid, whose fixed 
axe is 100, and its revolving axe 60? Aoa. 18S496. 

3. What is the solidity of an oblate spheroid, whoee 
fixed axe is 60, and its revolving axe is lOOT 

Aqb. 314160. 

PROBLEM XVII. 
Tojind the contentofthe vdddU fruitrum ^ a tpAermd, 
ita Ungik, ike middU diameter, and that of either of tke 
endg, being given. 

CASE I. 
When the ends are circular, or paralQl to the rewlnng 



To twice the square of the middle diameter add the 
square of the diameter of either of the ends, and this sum 



* Demon, Let jLO=a, BO=b, En=A, no=c, ro=x, re-- 
y, and i>=3.14159, dec. 

Then a" : ft* ■.:a*—<e' •.—X(a'—x*)=b' — ^^: 
* by the property of the ellipsis. 

Andalsoo'':ft*::a*— c»; i^,^^=*«; or o". 

J"c'_(6»_A'.) 

N3 

[,an!Kl;.ClO<)^lu 



moItipUed bj the length of the fruBtrum, and the pi 
■gain b; .2618, will give the solidity. 
Where note that .2618=^ of 3.1416. 



1. In the middle frustrum of s spheroid EFGHt tba 
middle diameter DB is SO iocbeB, and that of either of tba 
ends EF or GH is 40 inches, and ita length nm 18 inchei: 
what is its st^dity 1 




Here (Sffx 3+40^X ISx .2618 = (2600x 8+l600)X 
18X.2818 = (5000 + 1600) X 18X.2618 = fi600Xl8X 
.2618= 118800 X .2613 = 31101.64 cubic iacbea, the 
answer. 

2. What is the sdiditj o[ the middle frastrum of a pn>- 
late spheroid, the middle diameter heing 60, that of eitbsi 
of the two enia 36, and the distance of the ends 801 

Ana. 177940.234. 

Whence, by eubstttuting this value of a* in the fonner 
equation, we shall have ^"=6*— — p^ — ^ J* — 

And consequently the fluxion of the solid ()gy*,^)=^iVv-' 
' ^X(6'-*^! the fluent of which ie=p9'x- 0X 
^— A'); which, when x=c, becomes pffc — ■ « "~ 
Q.E.D. 



^.ooyl. 



S. Wimi m the Ndiditj of the nHldle fnutruin of an ob- 
Uts qibwcnd) the middle diameteT being 100, that of either 
of the ends BO, tod the distance of the endi 36 1 

Ana. 248814.73. 

CASE II. 

When <he mdt an elliplicaZ or perpmdiailar to the re- 
Dolmng axit' 

RULE* 

1. Multiply twice the tranarerBe diameter of the middls 

Bccbon by its conjugate diameter, and to thia product add 

the product of the tranBTefse and conjugate dumeten ot 

either of the ends. 



* Demon. Put *o=a, Eo=b, (m=r, oh=x, ±n=y, xc 
=», and p=3.l4159, &c. 

Than a : 6» : : a^—t* t ^ >c (a*-~<^=^ bj tfae pnp- 
eity of the ellipsis. 

And, since acd is an ellipsis similar to ztnr, it will be 
i:ri:yi-^=xi as is shown by the wiileitiM Conic& 

But the fluxion of the solid axfd is pj/xx^pgxX 
rg ptj/'i prx yx (g'-^ . n'— x* 

-j=-v-=yx -5 =prfcrx— i— And the 



^3» Sft'+y' ry* 

value-s — Tj. becomes = (r«X — aj~=J"*^}*'^+5I' 

And lllii aguo, by pottingr * tai ita equal -^, beComea 

-^X2rb+yz frustnim ■fda. Or^^^(^"^*^+ 
ADx2jie)K3mMdle(ruatium ABon. Q> E> IK 

,„-.„,, Google^ 
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3. Multiply the sum thna found, bj the distance of the 
ends or the height of the frustrum, and the product again 
by .2618, and it will give the scdiditj requirml. 



I. In the middle fruatrum ABCD of an oblate spheroid, 
the diameters of the middle section EF are 00 and 30, 
those of the end AD 40 snd 24; and ita height ne 18, 
what is the soUdity T 




ir<«(60xax30+4Oxa4)Xl8x.3818=(SO00+M0) 
X18 X .2618 = 8960 x 18 x .3618 = 71290 X .2616 = 
18661. 104= MitiJtfy required. 

2, In the middle frustrum of a prolate spheroid, the di- 
ametera of the middle section are 100 and 60 ; those of the 
end 80 and 48 ; and the length 36 : what is the golidity 1 
Ans. 14»S88.8aS 

8. In the middle frustrum of an oblate spheroid, the di- 
ameters of the middle section are 100 and 60 ; those of the 
end 60 and 96 ; and the length 80 : what is the solidity of 
the fiuftrom ? Ans. 396567.04. 

PROBLEM XVin. 

.^fad Ae tciidity of the ttgmad if a tpftmAd. 

CASE L 

Whmt (Ae Ixue U paraSel to the retdting aai*. 



RULE.* 

1. Divide the square of the reiolTing axis by the square 
of the fixed axe, and multiply the quotient by the differ- 
ence between three times the fixed axe and twice the 
height of the segment. 

2. Multiply the product, thus fonuil, by the square of 
the height of the segment, and this product again by .5286, 
and it will give the solidity required. 



1. In the prolate tpheioid DEFD, the transveTse axia 
2 DO ia 100, the conjugate AC 60, and the height Dn of 
the segment £DF 10 ; what is the solidity ? 



Here (j^xSOO— 20) x 10ix.5236=.36x2e0xl0t 

X .5236 = 100.80 X 100 X .5236 = 10080 X .5286 = 5277 
.Q9S-= toUditi/ reqmred' 

2. The axes of a prolate spheroid are 60 and 30 ; what 
is the solidity of that segment whose height is 6, and its 
baso perpendicular to the fixed axet Ana. 659.736. 



* Thu rnle ia fiirmed from the theorem for the sejiment in the 
demoDBtntian to problem XX. 

The content of the aegment may also be fbimd by tlie fidtwuig 
dieoTem: 

(D'-|-4il<)XJ'"A = content of the tBgiceiiti D bem|[ the diunettr 
of the base, d— diameteT in the middle, A = height, ■udna.7854=a 
■N« of K circle whose diameter is 1. 
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S. TiM diameten of an oblate spheroid are 100 and 60 , 
what b the solidity of that segment whose height is 12, and 
Urn base peipendicular to the coniug&te axel 

Ana. 32072.64. 

CASE n. 

WJun the bast U ptrpendiadar to the revotmng axis, 
RULE.* 

1. Divide the fixed axe by the revolving axe, and mul- 
tiply the quotient by the difference between three times 
the revolving axe and twice the height of the segment 

2. Multiply the product, thus found, by the square of 
tbe height ^ the segment, and this product again l^ .SS30, 
and it will give the solidity required. 



1. In the prolate spheroid aEiF, the tranaverse axe EF 
ia 100, the conjugate ab 60, and the height an of the seg- 
ment oAD 12; what is the solidity t 

• Defnon. Put ao^^, bo^S, om=r, an^x, An^y, »* 
=», and p=^ 3.1416. Then will a' : f : : a^—Ja^-xf or {2fla 

Vx^ax—e') 
— fl^ ; ^ ^y* by the property of the ellipse. 

And since acd is an ellipse similar to EinF, it will be 
h : r : ; y : "5"=» / aa is shown by the writers on Conies. 

But the fluxion of the solid (ucn = py«i = pyx X 
ry pry"* prx Vx{^ax — a^) nrb 

■y= b~~~b ^~ S whose fluent is ==---3^ 

prb 
— aTi*' j which, when x=A^the height of the segment, 

Itecomes (3ai' — *')^5^' Wlence, since r=a, we shafl 

have (Soft' — A') X g-=Bolidity of the segment. 
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Here 168 {=dif:.af2abiaid2asi)X If (=Er-r«i6X144 
„ , 158X6 

(=»^iare tf an)x m36= — g — x 144 X .6236 = 62 X 5 

X 144 X .6836=260 X 144x .5236 = 37440 X .5236 =» 
lWiQS.b6i= toUdiiy required. 

2. Required the content of the segment of a prolate 
tpbetrnd i its height being 6, and the axes 50 and 30. 

Ans. 3450.449; 

PROBLEM XIX. 

Tojttid the aolidUy of a forabolu: comnd, 

RULE.* 

Multiply the ares of the base by half the altitude, aad 
the product will be the content. 

* Demur Let mn=a, am=h, im=x, xn=^, and p^ 
S.1416. 

Then, by the nature of the parabola a : !^ :: « : y*, or 
_f =5* ; wherefore ^-^ (=PJ/'i) = the fluxion of the 

■olid, and - ^^ = ita fluent ; which, when x becomes = a, 
ia i pai^ far the vbole Bolid, or for any segment wboea 
height is z= a, and the radtua of its base =b. Q. E. D. 
CoroD. Ths parabdic conoid ii^) ila circamwsibiDft^Iiiidac *' 
JVote. — The role livon iborc will hold &a ■nr atpaent of die nia- 
Ixdoid, whether Ihe bun be perpendicnlai or oUiqiia to tho axe of tha 
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hei^ 



What u the aolidity of the paraboloid ADB, wbow 
Dm la 84, and the diameter BA of its circular bua 



Hen iB^X .78MX 42 {=i Dm) =2304x .7854X42 = 
1809.561«>r 42=76001.5872= wiiJtiyregutreA 

2. What is the solidity of a paraboloid, whose hei^t is 
60, and the diameter of ita circular baae 100 ? Ans. 235620. 

3. Required the solidity of a paraboloid conoid, whose 
hei^t ia 30, and the diameter of its base 40 1 Ana. 18849.6. 

4. Required the Bolidity of a paraboloid conoid, whoss 
hei^t is 60, and the diameter of its baae 100? 

Ans. 196350. 



PROBLEM XX. 

To find the tolidity of the frastrum of a paraboloid, vAn 
its ends are perpendieuJar to the axe rftke tcUd. . 



Multiply the sum of the squares of the diameteia of tbe 
two ends by the height of the frustrum, and the prodiwt 
again by .3027, and it will gire the solidity. 



* Dtmim. Tbe segment whose bajw is B, and ■Ititode A. !■ 
— ) AB, and tliat whose bue » h uul altitade a, is^iai, bftlw 
Uat pniblem: wfaerefiire the rTlutnun, or the difTerenee of die mg- 



or •ouBf. 



I. Required the solidity of the parabolic fhutrum AfiCt^ 
th« diameter AB of the greater end being 68, that of tho 
less cod de 30, and the height no 18. 



fliBr«(58'+30')>:18X.8927=(8364 + 900)XlSX.3e27 
=4264X lax .3927=78752X .3937^30140.5104=«)/Mi- 
itg required' 

2, What is the solidity of the fruatnim of a parabdic 
conoid, the diameter of the greater end being 60, that of 
the less end 46, and the distance of the ends 18 1 

Ana. 41738.0144. 

PROBLEM XXL 

To find Ae tolidity of on kyperh<^<Kd. 

RULE.* 

To die eqaare of the radius of the base add the square. 

of the middle diameter between the base and the vertex ; 

uid this sum multiphed by the altitude, and the product 

again by .5236, will give the eolidity. 

nteot is i ah — ioA. But a— J : a — a (d) ::b: a= - — j; 

bd 
and B — 6 t d nh : a^- — .by the nature of the paralkdoid; 

and these values of a and a being subttituted for them will 

d^—dV 
make J ab — J ah— ^^ n ^=idx (a+t) which is the 

same as the rule. Q. E. D. 

* Demon. Let/=transTer8e, and c=conjugate diame- 
ter of the generating hyperbola, |>e=d.l416, jr, t, the or- 
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1. In the hypeiboloid ACB, the altitude Cr is 10, tbe 
ntdjus Ar of ^e base 13, and the middle diameter rm 
15.8745; what is the soUdity? 

diaates, or eemi .diameters of the ends of any frustrum of 
the hyperboloid, ;c=its altitude, and A=diatance of the 
(ess ordinate y from the vertex of the whole aolid. 

Then aince ^= ^£±±±^Mi±£>j«^, we shall have 

Af + a' + iJAX + 



the fluxion of the solid =pY'i=ptfi X 



, and ita fluent = pcxX 3 ; 



and this, by substituting ^ for — -; — , and —5- (or 

^+"'+'y+q±^ become, {-f +f-%) X ip. =. 
solidity of the fnistnun. 

But to convert this into the rules given in the text,]et d, 
^ d, he the greatest, middle, and least diameters, a;=ab- 
scissa whose ordinate is S, and a=altitude. Then we shall 
have these three equatiiHis : 

- e^=c'xt +xxx ^ 

ftF=(^Xt+x — jaX x — ja 

fD'=c'Xt+x+iaXx+ia 
From the sum of the two latter of which subtract the 
double of the former, and there will result fixo' — 2ff+cP 
=iaV: and hence -^= . Which being 



X op for the content of the frustrum ; which ia the same 
U the following rule given in the text. 

Aiid if d the least diameter be supposed to become in-. 



Here 15.e74a*+12'xi0X-S238=^51.99975+144X 
10 X .5236 = 895.99976 X 10 X .5336 =8959.9975 X 5286 
=3073.454691— K>ZMfi(y required. 

S. In an hj'perboloid the altitude is SO, the radiuBof the 

base 52, and tiie middle diameter fl8 ; what ia the eoliditjl 

Ans. 191847. 

PROBLEM XXn. 
To^nd the tdHdittf t^ thefnatrum o^ an hyperbohe conmJ. 
RULE.* 
Add together the squares of the greatest and least semi' 
diameters, and the square of the whole diameter in the 
middle, then thb sum being multiplied by the altitude, and 
the product again by .5236, will give the solidity. 



X ap=D'+4^ X aX .6236. Q. E. D. 

* The demonstration of this rule is contained in that of 
the last problem. 

Or, if D=middle diameter, ni=thatat i of the leogth, 
8 =generatiDg area of the hyperbola, h = length of the 
spindle, and p=3.1416. 

4in' — 3d* 3a 

Then will (D'+-4;;;r8r'^r~"J^i^ = '^'''^''l' *^ 



the spindle. And if the generating hypeibola be equilate- 
ral, then will(3BX - ■ ■ — L')X|jn.=>olidiQrof thespin- 
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1. In the hyperbolic fnistrum ADCB, the length » ia 20, 
the diuneter AB of the peftter end 33, that DC of the leM 
Mid 21, and the middte diameter nm 2B.I708 ; required the 
■oliditf. 



Hert (18»+12'+28.170S*) x20x ^2359= (266+144 
+793.5939) X20x .52359 = 1193.5939 X 20 X .62369=: 
23871.e78x .52359=12499.07660202=K>;t(Ii(y reqmrtd. 

2. Required the solidity of the fruatniin of an hyper- 
bolic conoid, the height being 12, tlie greateet diameter 10, 
the least diameter 6, and the middle diameter 8^. 

Ans. 667.59. 



And, if I^length of tlie frustnim, «=geDemting area, 
and the other letters as before; then will (2i>' + (?+ 

int"— 3d'— rf* 3i ; ;; i , ,.,. , , 

— r — ■ ; — J X y+d — d)x t^ pi=solidity of the middle 
fnutrum of an hyperbolic spindle. 

But if the generating hvperbola be equilateral, the frus- 

trum will be ={\d'—P ->r-j X ^__^ )x -g-pl 

NcU. — Ths Bonlant of any Bpiodle fonoed by the rerolutioo of « 
conic sectioD about its ixia laay be found by the tbllowing; rule: 

Add togelbcT the aqnoiea of the greateet end least diuneters, and 
the iquBre of double the dinraeler in the middle betirocn the two, and 
thia sum multiplied by the leDgth and the product again by .1309 will 
giTe the solidity. 

And the rule will nersr dcriate much fVom the truth when tlw 
flgore reioiven aboiit any other line which ia nut the axis. 
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8. What is the content of the middle frustrum of an 
hyperbolic spindle, the length being 20, the middle or 
greatest diameter 16, the diameter at each end 13, and the 
diameter at i of the length 14} 1 Ans. 3348.936. 

4. Required the content of the segment of any spindle, 
its length being 10, the greatest diameter 8, and the middle 
diameter 6. Ans. 272.272. 



WiseellaneQVS QuefHoiu in Solidt. 

1. If the diameter of the earth bo 7930 miles, and that 
of the moon 2160 miles, required the ratio of their sur- 
faces, and also of their Bolidities, supposing both of them 
to be globular, as they are very nearly. 

Tie tutfacea cf all similar solidt are to each other at 
the squares of their like dimensions ,• tueh as diameters, 
circumferences, like linear sides, ^c. 4^. And their tolidi- 
ties, as the cubes of those dimtrisions. 

Hence the surface of the moon : surface cf the earth : : 

— 2160' 4665600 1 

Sietf : 7930' a«d* ^^-^^^^^^^^.^^ or, A, 1 : 

13i nearly. 

Also the solidity of the moon : soKdity rf the earth : : 
2160* 1 
2160*: 7930" and 7^30=^ 495 "^'^'y* or, ^ 1 : 49| 
Ans. 

3. Three persons having bought a sagar-loaf, want to 
divide it equally among them by sections parallel to the 
base ; it is required to find the altitude of each person's 
share, supposing the loaf to be a cone whose height is 30 
inches. 
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20* - 

By rte timlar cones we Saee* 3 : 1 : s 2(r : -g- = the 

€»be rf the height of the top lectioni; wherefore ^"5"^ 

19.S67 (Ac upper part. ^ 

2x20' 2x20* 

AUo 3 : 2 ! : SO* : -—3- and ^ — g— 13.867 = 

3.604 the middle part ; wherefore the lower part will be 
2.528. 

3. Three men bought a tapering piece «f timber, which 
WU the fruBtrum of « square pyramid ; one side of the 
greater end was 3 feet, ooe side of the lees end 1 foot, and 
the length IB feet ; what is the length of each man's piece, 
iupposing they paid equally, and are to hare equal ahareal 




* Till* propmtiai u well as all otlierB of the kind, mt.; be ei- 
«Medthai:^3: ^1 ::20: -j— =lJie heiglit of the top Rettion; 
id, in lome uutaccea, tliie ia the utare convenient method. 
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Ziet ABODE he a Kction of the pyramid (lehen coM- 
jiieud) pcudng through the vertex, and biaecting the vppo- 
Mite nde* of the bate, and let IL and MN repreaeJit the rt- 



TTlcB by rinular trianglex BG (l/«rf) : GC (18) : : BF 
(1.5) ! F^7) and FE— FH=EH=9, the altitude of the 
pyramid EDC. 

Hence Prob. VtU. ^ tolids the toliditiet of the two 
pyramids EAB and EDC toiU he found 81 and 3 cuincfe^ 
respectively, and 81 — 3=78:=(Ae solidity of tkejriutrum 

ABCD. Alto —=26, the solidity of each person's share, 

lehich added to the soUdiiy ^ EDC, tnll give the tolidity 
of £IL=29, and the double if it added to KOC tdU give 
the solidity if EMN:^55. 

Noa in the similar pyramids, EDC(3) : EIL(29) : : EH» 
: EO', the cube root of which will give £0 and EO— EH 
=H0 the length of the part adjacerU to the less end-= 
10.172. 

Agmn EIL(29) : EMN(55) : : EO" : EP» the cube root of 
which mill give EP and EF— EO=OP the length of the 
»(((WIepart=4.559. Lastly, 'EF—'EP='P¥ the length tf 
the part adjacent to the larger end= 3.269. 

4. If a round pillar, -7 inchei oveT, have 4 feet of stone 
in it ; of what diameter is the column, of equal length, that 
contains 10 times as much? 

The solidities of cylinders, prisms, paraUelopipedons, 
&e. which have their altitudes equal, are to each other as 
the squares of their diameters or like aides. The same re- 
mark is applicable tojrustrums of a cone or pyraimd when 
the altitude is the same, and the aids proportional. 

Hence, Af i : iO, or As 1 : 10 :: T* : 490=(6e square 
of the required diameter, and v/ 490=22.1359 tlie diameter 



6. There ia a mill-hopper, in the form of a square pyra- 
mid, whose solid content is I3t feet: but one foot is>)iy 



104 umuKAnMi of aouDs- 

•ff its peipeadjcular altitude to make a passage for tbe 
gnin, frMK the fnistrum oi hopper to the mill-stone : tbe 
■ides of ita greater and less end are in proportion of 4^ to 
1. Required the content in dry or corn measure. 

Ans. 10.7292 biulttlt. 

«. Tbe ditch of a fortification is 1000 feet long, 9 feet 
deep, 20 feet broad at bottom, and 22 at top ; bow muoh 
water will fill the ditch, allowing 262 cubic inches to make 

gallon 1 Ajis. 1158127jn} galloiu. 

7. A person haring a fmstrum of a cune 12 laches in 
height, and the diameters of the greater and smaller ends 
6 and 3 inches respectively, wishes to know the diameter 
of a frueUum of the same altiUide, that would contain 9066 
mbic inches, and bare its diameters in the same proportion 
as the smaller one. 

Ans. Tke greater diameter 24.4002, tuid let* 14.0401. 
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BEGULAR BODIES. 



A BEGin.AK BODY is a solid contained under a certain 
number of similar and equal plane iigureB. 

The whole number of re^lar bodies which can possibly 
be formed is £ve. 

1. The Tetraedron, or regular pyramid, which has four 
triangular laces. 

2. The Hexaedron, or cube, which has six square facec 
8. The Oetaedron, which has eight triangular faces. 

4. Tite Dodecaedron, which has twelve pentagonal faces. 

0. The Icoiaedron, which has twenty triangular faces. 

If the following figures are made of pasteboard, and the 
lines be cut half through, so that the parts may be turned 
np and glued farther, they will i^iesent the five regular 
bodies here mentioned. 




c.Coo^lu 




PROBLEM L 

To find the lolidity cf a tOraedron. 
RULE.* 

Aloltiply ^ of the cube of the linear side by the aqvan 
root of 2, and the product will be the solidity. 

* Demon. From oob angle o of the tetiaedron aboh, 
let fall the perpendicular ce, upon the oi^Muite aide, and 

Then AC* — Ae'=ce'; and since the point e is equsUf 
distant from the three angles a, b, and n, i Ac's: (^ at) 
A^ as is shown in the demonstration of the rule for regU' 
lar polygons, jwgc 61. Consequently ac* — iic?=^Axf 
= ce*, or oe = AC V |. But the area ctf the triangle 
AnB=ijk^^8=i At^VS ; and therefore i ac -^ § (i oe) 
XiAc'V3(AA»jB)=^Ac'v'2. O.E.D. 

If L be pot = length of the linear edge, then will l'V^ 
=whole turface <^ the telraednm. 

The mle for die hexaedron, ot cube, has been giren be- 
fine. 
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1. The tioeu nde o( a tettaedrm ABOt is 4: whit > 
th« Bolidi^ 1 * 




4» 4X4X4 4X4 16 16 

23.624 
Ml 4= — g — =7.641 3= <o/idiiy regwred. 

2. Required tiie solidity of a tetraedron whose side is ft. 
Ana. 25.463. 

PROBLEM U. 

To find the ididity of an oetaedron. 



Multiply i of the-cubo of the linear aide by the square 
lOot of 2, aad the product will be the solidity. 



. * D e mon. From Um angle & of Uie ootaedn» raoA let 
fall the perpendicular ne. 

Then since the solid is composed of two equal square 
pyramids, each c^ whose bases B>ue are equal to the square 
«f theliueai aide a9 or ad, we shall have BiUGXi i>e=An^ 
X iiM=content of the solid. 

But Be evidently bisects the disgooal ba, and is equal to 



,;. Google 



1. What is the aoliditr of the cxstttednm BGAD, wboae 
line&i side is 4? 



I* 64 

gX V8=-aX ■^/2 = 21.333, Ac X V 2=31.3S3, 4w. 

X 1.414, &c.=30.164a6=Molidity re^rtd. 
2. Requited the solidity of ai 



PROBLEM m. 
To^ad the m^idity t^ a dodeeaedron. 



To 21 tixnea the squue root of 5 add 47, and divide the 
gum by 40 : then the square root of the quotient being 



Bc; therefore aw'x ji>e := ab'x fse^^An' X isA^^AVx 
V An" + Ac'=lAnV 2An'= JabV 2. Q. E. D. 

If L=: linear side as before, then will 2L*VS^Bnriace 
of the octaedron, 

* Vrmpt, LM a be a Mlid angla of Iha dgdaoaadnm, and me • 
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usvua MaoM, test 

multiplied hj 6 times the cube of the lineu side will giYS 
the solidity required. 



perpendiciilar fkJlin^ an Ihs equilAtermJ 
plane BDF. Abo joia (be poinla D, e and 
C¥. 

Then the angle Pn F coMjuna 1U 8 de- 
vree^vhoM nne is } ^/10-(-3v'5< and 
Uie angle uFD ccaitain a 36 degrees, wbosa 
nne u jy 10— 3^/5, the radiiu in both 
cases being taken equal to .1. 

Therefore, by trigonometry, tv^lO— 2^5: iyiO+2V5 
6+V5 l + v/5 

::aD : Dr=aDv/5~;^=«i> — g — =i+9v'SX*'»- 

Again, since e U the centre of DBF, the angles eDF and <FD an 
each 30°, and the angle DcF= 120° j but the ahie of 30° is } ; aod 
the sine of 130° is i^3; whence, b; trigoDomelij, J ^3 : nr :i 1 

DP l + v/5 , 

' ''*~I73~*'" " g ~ >3 ~ > and conaeqnently oc= V<id'— d? 




3— >/5 



But a perpendicular &oni a upcm the plane BDF must pan through 
the oeotre of the eiicumscribing ipbera, and ae will be the Tersad 

■ineof an arc whoae chord iaoD, anil radiog equal to that of tfaja Mid 

Whence oc : oD na : - =^^^p;pg=fli, 

73+^15 

=diameterofthecircumscribmgspbere,andaD j 

=R=radius of the circumscribing sphere. 

Again, the angle Fon contains 73°, whose sine li i 
VlO+8V5;and the angle oF» is54°, whose sine isilt-^ 
-1 + %/C 



whence by trigonometry, iV 10+2 v'5: — r — :tm (or) 
1 + -/5 5+^/5 
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1. 'no linear dde of the dodecaednHi ASCDB » 8 ; 
what is ths solidity T 

D 




2. He liaeu ude of a dodeoaedron is 1 ; what is the so* 
lidityj Ans. 7.6681. 



a£ the inscnbed qihere, we eball hare •^i^—-m^^ 
. 25+11 »/8 



^t'+^V&^ radius of the inscribed sphere. 

, Jbtd beCMne the lolid U computed of 13 equal paiitag;(in«l j^mmldli 

6oD* . 

each of whose bsBesara by Frob. Vin.='Y' ^/l+^VS; 

therefore -^Vl+K6xif=— J— Vl+iv'BX g- 
S+nV5 ^ , . 47+81 ■. 

ooedron. Q. E. D. 



■■sarfioeof the dodecBedrmi. 



c.C.OOglu 



PROBLEM IV. 

TLVLE.* 

To 3 tiniea the square mot of 6 add 7, and divide the 
Bum by 2 J tben the aquara root of this quotient being mul- 
tiplied by I of the cube of the linear side will give the ao- 
liditj required. 

Thatisf ffx V( 2 — )=solidity when S ia^tothe 

linear side. 



Then, if a perpendicnlaj- be demitted from 
A Bpoa the penlagcnul plane BCDEm. it will 
&il mto the ceobe n, and Bn, bj the demco- 
•tretKu of the Unt problem, will be ^ ab 

. / I and the radiua of the circle 

dicuiiMoriluiig one of the &CM ABC= )«sV 3- 
But the radius of the circumacribing q 



And, «DC« E is the hypotiMnoM of a rigbt angled tiiuigle, oi 



id the oAv r, tb* radina of dia ineorilMd ijAere, we iluU 



—^—tjf—i- 



ha»e »• =. ^/^ It* — J(ab y a/ = ^/ — g— Arf — iArf = AB 



But the eolid ia cmnpowd of 90 equal tiianfTilar pjnoudii each of 

as' SOab* 

iriioM baaea i8=-7- V 8 by Problem YQI. ; therefore — 7- 



c.C.OOglu 



1. Hm Unmr aide of the icoaaedna i 

what ia the Mliditj t 




aoliditjr o( the icosaedron. Q. E. D. 
If L be pnt fcr the linear wde, Ibsn wiU SL^^/■3=M^Ifttoof Ihl 



and the product w . ^ 

- S. Multiplj the tdmliti Klidi^ bv Uw cobe of dn linear «din, ari 
the product will be the soUditj. 

Surface* and SoUditiea of Ae Regular Bodtet. 



No.of 
lides. 


Name^ 


Sor&cef, 


Boliditie*. 


4 
6 
8 
13 
SO 


Tetraedron 

Hexaedron 

Octaedron 

Dodecaedron 

Icosaedron 


1. 73205 
6.00000 
8.46410 
a0.6457S 

8.66025 


0.11785 
1.00000 
0.47140 
7.68312 
3.18169 



im 173 

' 6.70618+7 0X9 13.70818 45 

V 2 X^-=^/ ^ X -g- =V 8.85409 X 

33.6=:3.61803X 22.5= 68.9066= loUiZi^ rtqmred. 

3. Kequired the solidi^ <rf on icowedioa, wbooe linear 
nde i» I T Ana. 2.1817. 



c.C.OOglu 



CTLINDRIC RINGS. 



PROBLEM L 

To Jbidihc comex mperJUAu of a eyUnirie ring. 

RXJLE.* 

To the thickoesa of the nng add the inner diameter, and 
Ail lum being muldplied bj the thickuesB, and the product 
■gain by 9.8690, will ^ve the superficies required. 

EXAMPLES. 

1. Tlie thickness of Ac of a cylindric ring is 3 inches, 
and the inner diameter cd 12 inches ; what ia the cmvex 
BoperficieB ? 




* A lolid ria^ of thia kind ia otjj ■ bent cjUndcr, and thereliii* 
lbs rotes for obtuning iU auperficies, or solidity, sie the sune u thoss 
■Ireiulj giTcQ. For let Ac be uij section oftheiolid petpendicnUr to 
its s xJB Ml. m d thea Ac >c 3.14159, &c =ciri:iim&reiice of that SMtka, 
vAliC + ed (or) >c 3.14159, &c=lengih of the axis m. 



t„x,gfc 



Orumtao unma- 175 

I2+8X 3X 9.8696 = I6X 3X9.8696 = 46X 9.8696 = 
4U~132=:gi^er/icie» reqidred. 

2. The thickness of a cylindric ring is 4 inches, and 
the inner diameter 18 ; what is the convex superficies 1 

Aqb. 868.52 square indlec. 

3. Tlie thickness of a cylindric ring is S inches, and the 
inner diameter 18 ; what is tlte convex superficies 1 

Ads. 394.784 iqmre incJicf. 

PROBLEM n. 

Ta find tke toUdity of a cylindric ring. 



To the thickness of the ring add the inner diameter, and 
this sum being multiplied b^ the square of half the thick- 
ness, and the product again by 9.8696, will give the solidity. 

Whence ac X 8.14159, &C . X ac + cdX 3.14159, die. = 
Ac+edX ACX 8.14159, &c. |*=Ac+cdXAcX 9.8696, dtc 
= superficies required. 

'Demon. a<*X. 78539, &c.= 

A(^x3.14159, &c.=area of the section ac; and Ac+cd 
(<Wi>X8.14169, &c.=lengtb of the axis on. 

Therefore Ac+cdX Jac^X 3.14159, &c. |'= i.c+edx k 
A<?X 9.8696. Q. E.D. 

Tbii fignre bdoE only a cjlinder bent mmd into a rinx, it" mrSMM 
mud •olidiW lo«J ^ be found ■« in the cylinder, munely, by muhi- 
pljinr the aiia or tenetb of the cylinder by the citcomference of the 
ring, or mc&aa, fbrSe nu&ce, end by the area of a section fbr the 

Thus, if e^dreninfereDce of the ring-, or section, o=:»roa of that 
aection, and I=length of the axis ; then will eI=surfBCB of the rinj, 
and iri=lo itB solidi^-. Which rolea are the »me ta for the cyUndor, 
■nd may be easily converted into thoee given in the leit. 

These rales are indeed so obvious, as lu render any demonilratiai 
(rf* them altf^iether unnecessar j. 



1. What is the solidity of an anchor tinff, whom iaoer 
d wroete r is 8 inches, and thickness in metal 3 inchest 

8+8x fi* X 9Sam = 11 X 1.5» X 9.8696=11 X 23&X 
9JB696=:2i.7&X 9.8696=244.S73Bs=joti(£fy're4piiraL 

2. The inner diameter of a cylindric ring is 18 ineba^ 
- and its thickness 4 inches ; what is the solidity] 

Ana. 668.6248. 

3. Required the solidity of a cyliodric ring, vhose thick- 
nesa is 2 inches, and its inner diameter 13. 

Ana. 138.1744. 

4. What is the solidity of a cylindric ring, whose thick- 
nen is 4 inches, and inner diameter 16 1 Ans. 76B.603> 
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ABTIFICERS' WORK. 



AxTiFicsBi estimate or compate (be value <tf theii 
woi^ by different measuTes, riz.* 

1. dating and Maaon't flat work, dec. by the foot. 

2. Painting', Plattering, Pavirtg, &c. by the yard. 

3. Flooring, Partitioning, Roofing, Tiling, die by the 
square of 100 feet 

4. Brickwork, &c by the rod of 1%\ feet, whose iqnaro 

The measures made use of in these works are contuned 
in the following table : 

12 inches 1 r 1 lioeal foot. 

144 square inches 1 1 square foot. 




9 square feet I -^- J 1 square yard. 

DO square feet | la square. 

' ' " rod, p 

pole. 



a square. 

1 rod, perch, or squire 
Dole. 



woAiibyftet, tBBtiu,andbundradlhB; bec&iue the Md^otMiKLBlKf 
then be perSiniud by cMnowa inattiplicstiaD, or by tho ifidiiig mis, 
* n dsKTibed. 



BRICKLAYERS' WORK.* 



BsicKi^TESs compute or value theiT work at the rate of 
n brick and a half thick, and, if the wall he more or len 
than this standard, it must be reduced to it as follows: 



* Nole^ — In praclics it is usui 
only, omitting the i ; but the a 
Sn-2S5. 

The osuol ynj to take the dimensions of a, building is to meaBurs 
half round iU middle, on t^ie out^de, and half nmnd It oa the inaido; 
and this will give the troe compaae, in which the fhickneaa of the waD 
is included. 

When the height of the building' is tinoqnal, tike sevenl different 
altitudea, and their Bum, being- divided by (lie number of allitndea 70a . 
have taken, may be considered as the mean height. 

To mOiisnre a chimney etanding by ilsM^ without any party-wall 
adjcaning j girth it about ibr the length, and reckon the height of the 
■tOTy Ibr the breadth ; but if it stand ajj^ainat a wall, you must meason 
it roimd to the wall tor the girth, and take the height as before. 

Whan the chimney is wrought upright from the mantel-tree to tba 
ceiling, the thiciuicaa muet ahray s be the same with the jambs ; and 
nothing is ever deducted for the vacancy between the Boor and tba 
manteTtree, becaus^ of the gathering ef the breast and wings to mako 
room S)r the hearth in the neit story. 

To meaaure chimney shafts, or that part which appears above tha 
roof; girth them vrith a line, shout the least place for the length, »n^ 
take the height for the breadth ; and if tbey be four inches thick, set 
down the thickness at one brickwork ; but if they are 9 inches tliickt 
reckon it a brick and a half^ in consideration 1^ the plastering and 
Bc&fiblding. 

All windows, doors, &o. are to be deducted out oftbeimiteittB of the 
walls in which tliey are |dac«d. But this deduction is mads <Kily iriA 
regu-d to nuteriais; ibr the value ot their workmanship is added to 
the bill at the stated rale agreed on. 



BBIOKIiAXXBS ' 



Multiply the superficial content of the wall in feet, bf 
the number of half biicks in the thickness, and } ot that 
product will be the content required. 

Note, — In AmericR, bric^afers* work is genetallf ieck> 
oned by the lODD. 



!■* How many square rods are there in a wall 53^ feet 
fmg, 12 feet 9 inches hi^h, and 2^ bricks thick 1 



„ S8.5 X 12.75 669.375 _ „ 
278 = 278 

2.4609 

6 half brick: 

3)12.3045 

' - ro.Ji. in, 
4.1015=4 27 7 aruiMf. 



latere an also other aUowances to be nuile to the workmaii, moh 
•■ thaae^rettirnBOTUiglei made bj two adjciitfai^ mUIii, uid doobla 
mBUnre 6a fEStheredgnble-enib, Su:. 

All omunenlal work is genenlly viJaiid by tbe ftot aqnare, mch 
aa nrchet, doors, nichitjaveB, &iezei, conuceo, &c. Bnt carved 
iDouli^iigB, Slc are ofteo ogroed lor bj the nianing Sat, <a lineal 

* In tM( and tb« jollowing czaoiFlei, ST3 &«t are owd G» a nd. 



Sg €!n)u MulH-pUcatuit. 

futiM. 
AS 6 
IS 9 



2T3}66Q 4 6 



4 27 7 lubefiire. 

2. How minj sqiure rods are there in a wsll 62} feet 
long, 14 feet 8 incbes hi^ and S^ bricka thick 1 

n.fe. in- p. 
Aug. 6 167 S 4 
8. If each aide wall of a building be 4S feet laog on the 
outaide each end wall 15 feet broad on the inside, tb» 
height of the building 20 feet, and the gable at each end 
q( tb.» vail 6 feet high, the whole being 2 briclu thick ; 
what IB the true content in standard rodsf 

Ans. 12JI069 
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MASONS' WOBK. 



To Maaoniy belong all sorta of stone woik, and the 
meBBore made use of is a solid perch, or a nqrarficial or 
solid foot. ~ 

KXAHFLKS. 

1. Required the solid content of a wall whose length is 
48 feet 6 inches, its height 10 feet 9 inches, and thickness 
2 feeL , . 

By DeeimaU. 
48^Xl0.76x8=1043.75/ee(. Ans. 



* Solid meamrs is prineipslly used &r mileriilB, uid the ntparfi- 
«■)«! tor woiknuuuMp. — In tho solid measure, the trna lengtb, tffradtli, 
■nd IhickneBB, are taken, and mnltlplied continasJIy together. And 
in tlie mperficitd measure, the length and breadth of erery part of the 
projectiiBi mnsl be taken,' as it ippean withont the general upright 
Ace of the building. 

Masons, in measoringtheiiwoik, mually lake the whole g;irth of tba 
boilding, ihat U, the length of a string that nwses entirely roond the 
building', which is 4 times the thicknaas of the wall more than the 
tme measure. This ia added on account of the troable of canjing 

In America, the thickneaa of the wsJl is not reckoned to the nnaon 
at less than 18 inches ; but if it is more than that Ihicknesa, it ia ro. 
dniwd to it. No deduction of the maarai work is made tor doM*B, 
windows, &C. on account of the tiouUe t^ carcTing up the atrai^ 
nmlls ou the aides of them. 

An windows, doors, &c. ate to be dedocted out of the ctotenta t£ 
Ibe walla in which &ey are jdaoed with Tegaxd to materiala. 



■uaoira WORK. 
By Crou MuUipticatioH, 




1042 9 tke Kme at hefon, 

3. Required the solid content of a wall whose length is 
63 f»et 6 inches, its height 13 feet 3 inches, and its thick- 
ness 2 feet. Ads. ISlO/wt 9 tn. 

5. What is B marble slab worth, whose length ia 5 f^ 
7 inches, and breadth 1 foot 10 inches, at 80 cents per foot 1 

dolls, ctt. m. 
Ans. a 18 8. 

4. What is the sdid content of a wall, wboM length ia 
60 feet e inches, its height 10 feet 3 inches, and its thick- 
Bess 3i feet 1 Aqb. I5S6.7187S/eef. 

6. In a ehinuiey.piece, mppoat die fy. in. 
Length of the mantel and slab, each 
Breadth of both together, - - - - 
Length of each jamb, - . . . - 
Breadth of both together, - - - - 

What will be the contesf <^ the chiBmey^-piece T 

Ans. 21^et 10 in. 

6. The dimensions at a certsin building are as follow i 
viz. 58 feet by 26 on the outside; height of the building 
S3 feet, height of the gable at each end 13 feet, thic^ess 
{f the wall IS inobes. Two doors 4} by 6 feet each, 38 
windows each 3;^ by 6 feet: what will the mason wmk 
amount to at 56 cents a perch, and what must b^ pud for 
the stone at 44 cents a perch ? 
. Ans. For the mirk, $136 08; For the itone, 971 95) 



le. Id. 

- - 4 6T 

- - 3 3 I 

- . 4 4f 

- - 1 9J 



CABPENTERS' AND JOINERS* WORK.* 



Casfektexs' and Jonmts' woik is that of fkxinng, pu- 
|itioning, roofing, &c. and w meunred by the aquxre of 
100 feet 



'Note. — Lugs and plun ultclei are luiialtf meaanred by the Gnt, 
at jtC, icn. aqiuje ; bnt enriched mouldings, and aome other articlea, 
Bie ofUn eatunatedbfruDiuiig or luted aewoie, and MOM thinga M« 
rated by the piece. , 

In mttxaring of joiata it ia to be obferred, that ooly me of their 
dimeoaions w tbe sbidb with thai of the Boor, and &e other irill ex- 
ceed ^e length of the loom by the thirlmoM of tbe wall, and ona> 
third of the same, becanaa each end ia let into the wall aboot two* 
fhirds of ita tbiekncsa. 

No deductiona ve made Bx beartha, on aoooiuit of the odditkaia] 
iroublo and waatc cf moLfirialB. 

Partition aie measured &oin wall to wall for me dimenmon, and 
from Qooi to floor, bb &r aa thej extend, tia the cAher. 

No deduction ia mada fbr dow-w^n, oi accoont of die traoUo 
of fiaming them. 



Ia Toafiag, the length of tbe honse in the inaide, ti^ethei idth two. ' 
thirda of the thickneaa of one gnble, ia to be ooiuideTed aa the length, 
and the breadth is equal to i£iuble the length of a etriog, which ia 
ritretcbed from tbe ridge down to tbe railei, alimg the eaTea-board, 
till it meets with the ti^ of the wall. 

Far ttair^aaei, take the bresdlh of all the atepa, and make a tins 
ply close over tbem, irom the top to the bcAltHa, and multiply tbe 
length of this line by the length of a atM tar the wlxde area. Bj Ute 
length of a step is meant tbe length of the Cmnt and the retuma at 
the two ends, and by tbe breadth is to be andeMood the girth of its 
two upper Burfacea, or the tiead and riter. 



CAXFIRTEKS U(D JOinxU WOBK. 



1. If a floor be S7 feet 3 inches long, and 38 feet 8 
inchee broad, bow monf squares will it containT 

Bp Decimalt. 
G7^X 28.6=1631.626 tq.Ji.=Uaq. 81 fi. 7 tn. 6". An*. 
Bj/ Crcu XvJiiplieation. 
feet in. 
B7 3 



Ar ft« iniMfnidc, take the whole leng:th of the npper part of , the 
hand-rail, and p^ a*er it* end till it meet the (op of the Dewel-poiit, 
fix the length ; and twice the length of the balirater apon the landing, 
with the guth tl the hand-rwl, for the breadth. 

¥m waiiucottiw-, take the compona of the nxKn 9ia the lenrlh, and 
(be height tern the Boor to the ceiling', making the itiing plj close 
into all the mooldinga, for the bre&dtli. Ont of tfaii moat be iBide 
deduotitma for windowa, door*, cluDineyi, !t.c bnt workmanship ia 
counted tbc the whole, on oocount of the extraardinarj trouble. 

Far door*, it ia umial to allow for their thicknesa, bj adding it into 
both the dimenaionB of length and breadth, and then moltipljing them 
together fte the area. If the door be pandled on both gidee, la&a . 
^ble its meaauie for the workmanship i but if rate side only be 
. . .._,!. J ._t_ ., 1 ;^ jjjf jjj|. jji^ workmnnship. 



i«^)Gn, fca the breadth. 

Wliidaui-thiiUen, baiei, &e. 

In the measuring of rooiing fi>T workmuuhip alone, all boles b 
diimaeifs-shafts and sky-lights are generally deducted. 

Bat in meunring for work and materials, they oommoBlj measnn 
ID k11 ^y.Iichls, luthcm-hglits, and holes fer tlie chinmej-ehafts, a 
account of uieir traoble awl wvte of materiala. 



Ain> JOIHBBt' WORK. 185 

3. A flow is 93 feet 6 inches long, and 47 Ceet inches 
broad : bow muiy squares docs it contain 1 

Ana. 25 tq. and 54/ee( 7^ in. 
9. A partition is 91 feet inches long, and II feet 3 
inches broad : how many squares does it contain 1 

Ana. 10 tq. and 2,2 feet. 

4. *If a house within the walls be 44 feet 6 inches Itwg, 
and 16 feet 8 inches broad ; how many squares of roofing 
will cover it, allowing tho roof to be of a tme pitch T 

Ans. 13 iq. and 18 feet. 

6. If a house measure within the walls SS feet 8 inches 

in length, and 30 feet 6 inches in breadth, and the roof be 

of a trae pitch, what will it cost roofing, at I dollar 40 cts. 

per square ? Ana. 33 dollt. 73 ct». 3 «•• 

* It is cuBtomary to reckon the flat uid h&lf of uij baildiag' withia 
&B wbIIb, Jbr the mesanro of the roof of that building', when the roof 
is of a Iru* piJcA, or BO that the leneth of the rafien ia ] of the hrMdth 
of tha boihUag. 
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SIATERS' AND TILERS' WORK, 



Ik these works the content of a roof ia found hj midti- 
plying the length of a ridge by the girth from eave^ to eave ; 
and, in slating, allowance must be made for the double row 
at the bottom* 

In taking the- girth, the lice is made to ply over the 
lowest row of elates, and returned up the nnder side till it 
meet with the wall or eaves-board ; but in tiling, the line 
U stretched down only to the lowest part, without returning 
it up again. 

Double measure is generally allowed for hips, valleys, 
gutters, iK. but no deductions are made for clumueys.* 



ani sometiraes «1bo the hip* ore sjlded. 

In slating it is common to reckon tbe breuJth of the rocd* 2 or 3 in- 
ches broader Ihui what it meaoures, beoause the first row is ahiiott 
corersd by tbe secoad ; and this is dene soBtetimes wbmi a roof is 
tiled. 

Nate. — Sky.lighta and chimney-ahBfla are always dedncted ; bat 
thej seldom deduct Inthem-lights, or ganet-windowi on the roof; ibr 
the covering them is reckoned equal to the hole in the roof. 

Id all works of this kind tlie content is cmnpuled, either in jords 
t^ 9 square loet, or in squares of a hundred feet, and the seme ollow- 
Mice of hips and vall^s i« to be DUuJe u in roefinj. 



..C.oogic 



I. IRke length of a slated roof ia 45 feet 9 inches, and 
itt girth 34 foet 3 inches ; what ia the conteat T 

By DecimaU. 

4S.76X 34.85=1666.9375 j;. ^.=174.104 yd*. Am. 

Bp Cnu MvMpKeation. 

fen in. 

49 9 

34 3 



9)1666 11 3 



174 11 8 

Aas.lT4ydf. 

2. What will the tiling of & ham coat at fS 40 per 

square, the length being 43 feet 1 inches, and the bieadtfa 

27 Cset 5 inches, on the flat, the eaTe-hoards projecting 16 

inches oa each aide, allowing the roof to be of a true pitch T 

Ads. «65 26. 



c.C.OOglu 



PLASTERERS' WORK. 



pLAffTBBXBB' work ia of two kinds, viz. plasteriog upon 
Iktbs, called ceiling, and plsatering' upoc walls, called ren- 
dering; and these different kinds muat be measured sepa- 
rately, and their contents collected into one sum.* 

NfAe. — Proper deductions must be made for doora, win- 
dows, &c. - . . 



If a ceiling be 69 feet 9 inches long, and 24 feet 6 in- 
ches broad { bow many yards does it contain 1 

By Decimal*, 

59175X24.6=1463.875 tq.f eel=162.6S2S tq. ^.'Ans. 

Bjf Crou MidtiplicaHmt. 

feet in. 

69 9 



1484 
29 



10 


6 


0)1463 
162 6 


10 

10 


6 

a 

Ans. 102 j/ardt 6 feet. 



* Fluteren' [dain work ii meuorad by the sqnue fi»t, <a jtii ot 
9 ■qnue fe«t; utd enriched moaldiiifi, lie by nmouif or lineal 
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plabtkubb' wokk. 199 

2. If the partitionB between rooms are 141 feet 6 inches 
about, and 1 1 feet 3 inches high ; how many yards do they 
contain! Ana. 176.87. 

8. The length of a room ia 14 feet 5 inches, its breadth 
18 feet 2 inches, and height B feet 3 inctws to the nndei 
side of the cornice, whose girth is 8} incbee, and its pro. 
jection 6 inches from the wall on the upper part next the 
ceiling ,* what will be the qiLmtity of ploBtering, supposing 
there be no deductions but for one door, whose size is 7 
fbetby 4feetT 

( 63 f/di. 5 ft. 3 in. ^ren4ering. 
Ans. < 18 ydt. 5% 6 in. rf eeiline- 
(_ And 99 ft. Oii in. if formee. 



c.C.OOglu 



PAINTERS' AND GLAZIERS' WORK. 



PAmrERB* work is measured in the mme manoer as that 
of Carpenteia ; and in taking the dimensiong, the line must 
be forced into all the mouldings and corners. 

Tbe work is estimated at bo much per yard, except 
sashes, which aie done at so much per light ; in carved 
mouldings, &c. it is customaiy to allow double the usual 
jueasure* 

Glaziers' work is done at so much per light^at is, com- 
puted at a pven price for putting in each pane of glass, ao- 
coidiag to the size. 



1. If a room be painted, whose height is 16 feet 6 
inches, and its compasa 97 feet 9 inches ; bow many yards 
does it contain 1 



Balustradea and moat other works of that kind are meaiurcd ■■ in 
J<nners' work, excepting 6a doors, window-Ehutters, Slc where tko 
Joiner ia only allowed Uie area and half area ; but the Fainter baa 
alwajs double the area of one aide, becanse erery part that la painted 
most be measured. 

Note. — Fainlera take Ibeir dimendiaia wilh « atring, and meaanra 
ftom tbe lop of the cornice to the floor, girthinfr the stringy over all tba 
mouidings and ewellingB ; and their pries ia generally ptc^Kirtiiaied to 
the number of timea they lay on their cok>r. 

AH work of this kind ia done by the eqiuire yard, and erery pait 
where the c(dor Les mmrt be meaaored and eatimated in the ffeoeral 
account of the work. 

Deductiona are to be made tor chimneys, casaments, &c. and tlM 
price is generally fo^Nirtianed to the nmnbar of timea they lay on 
their cokff. 



By Decimalt. 

97.T5X16J(=iei2.875Bq.feet=17B.2a8>q.yils.Aanm. 

By Crott MuJtipUeatim. 



9)1613 10 



170 1 10 6 ' 

Am. 179 yard* Ifbot. 

2. The hei^tof a room is 14 Teet 10 inches, and the 
circumference 21 feet 8 inches: now many aquaie yardg 
does it contain? Ans. 35.71. 

3. Suppose a room, that was to be painted at 8d. per 
yard, measures as follows : the height is 11 feet 7 inches; 
ttte girth or compass 74 feet 10 inchn!); the door 7 feet 6 
iiictws,I^3 feet 9 inches; five win^ow-shutteis, each 6 
feet 8 inches, by 9 feet 4 inches ; the breaks in the win- 
dows 14 inches deep and 8 feet high; the chimney 6 £eet 
9 inches by 5 feet; a closet, the height of the room, S^ 
feet deep, and 4| feet iniVont, with shelving, at 32 feet 6 
inches by 10 inches; the shuUers, doors and shelves being 
•U oiAMcd (m both aidei; what wQ] the whole come toT 

Ana. 4/. ISa. 9d. 
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FAVIOBB* WORE. 



Pavioba* work is dooe hj tbe square yard, and the con* 
tent is found by multiplyiiig' the length by the breadth. 

Or if the dimensiona be taken ia feet, and the area be 
^tatiA in the same measure, the reeult being divided by 
will ^ve the number of square yards required. 



I. What will the paving of a rectangular covxt-yud 
come to at 5a. 2d. pei yard, supposing the length to b« 3T 
feet 10 incbea, and the breadih 14 feet 6 inches} 



Fhnnbeni* work is Fenerally done bj the pmuid, or handled weight, 
■nd the price is regidited ttxoMae to the value of the lead >t tbu 
tine the vmbatA u oude, or vhcD tlie work ia peribnned. 

S>eet lead, uwd in roofing, gaOeivag, &«. U puanlly bttmt em 7 
md ISIbe. weight to the squue fimt. 

The tbllowing table will •how the wMght of a iqiure fiiot (o eacfa 



71U«t. 




Thick. 


It.. 


IKtk. 


.J./OA 


i 
.13 
.14 


7.373 
7.668 
8.S58 
8.427 


.15 
.16 


8.848 
8.438 
9.831 
10.028 


.18 
.18 

A 


10.616 
n.207 
11.797 
12.387 
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Bjf Orou MulHplieatiom. 



9)410 6 6 



45 6 6 atSa.ad. 



3 0,1,45 



10 

1 9 

6 

6n 



7 4 4i ttrawi«W«' 

3. A iMtai^uIar eotirt-Tard ie 42 feet 9 inches lon^, and 
6S feet 6 inches in depth, and b foot-way goes quite through 
kfOt i feet 6 iiKbea in breadth ; the foot-way is laid with 
■iMie at 3<. 6(1. per yard, and the rest with pebbles at 8«. 
por foid : what will tb« whole come to 1 

Ans. 491. 17*. 0^ 
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TAULTED MTB ABCHED BOOFS. 



AsCHED ro^s are either navltt, doma, mlooiu, orgroiiu. 

Vaulted ro^t are formed bj arches springing; ftma the 
opposite walla, and meeting in a line at the top. 

Domei are made by arches springing fn»n a circular at 
polygonal base, and meeting in a prant at the top. 

SaJoimi are formed by arches connecting the side walU 
to a flat roof, or ceiling, in the niiddle. 

Crroiiu are formed by (he intersection of vaults with 
each other. 

Domes and saloons rarely occur io the practice of meas- 
uring, but Taults and groins over the cellars of most booses. 

Vaulted roofs are generally one of the three fallowing 
■orta: 

1. CireuJar roof», or those whose amta is rnnae part of 
the circumference of a circle. 

2. ESiptieal roqft, or those whose aich is some part of 
the circumference of an ellipsis. 

S. Gothic roafit, or those which are formed by two cir> 
oular area that meet in a point directly over the middle of 
the breadth, or span of the arch. 

PROBLEM I. 
To find the golid contaU of a circular, etUptie, or gatkie 
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VAVLTKD AKn AXCSED 1 



Hnltiplf the area of one end by tbe Uagth of tbe roof, 
and the product will be the solidity leqiiiied. 

EXAUFLXS. 

1. AVIut is the Bolid coDtent of a senii-circulai vault 
whoM span ia 40 feet, and its length 120 feet? 
.7854 
1600= a^uare ^40. 



2)1256.6400 



75398.40=Mltdf<jf reqtdrtd. 

2. B«quired the solidity of an elliptic vault, whose span 
IS 40 feet, height 12 feet, and length 807 

Ans. 30159.36 /«<. 

3. What is the solid content of a gothic vault, whose 
span is 48, tbe chord of its arch 48, the distance of the 
ueh from tbe middle of the cboid 18, and the length of tbe 
vault 60? Ans. 136224.7 IT IZ.f 

PROBLEM, n. 

To^nd the eoneave, or ecmvex surface, pfarctdar, dliptie, 
or gothic vavlted roqft. 

■ TbjSnd the iMdity of the materialt in eilher of tit orcheM. 

Kvu. fVom the loUd content of tlie irbole uch take the lolid 

coiitent<^tbevoidipuw,aiid thetenuindeiwillbe theadidi^ofdie 

f The ueu of tliMe «eg;meDti weie calcolated by nil« 9, Frob. 
Xm. utd the tiiuvle hj Prob. VIIL 
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VAUUnt AND ASCBEB SOOM' 



Hnltiply die length of the arch hj the len^ 4^ tht yanlt, 
and the product wU^ be the superficies tequired. 



'What is tl)0 concave surface of a ■eim<circulai Wilt, 
wlioK Bpan IB 40 feet and its length 120? 



3)125.6640 

(i2.6Si=laiglh if ike arek. 
120 



T689.£40«s coneave turfaeer^idrtd. 



PROBLEM m. 



Tojiad the aoltd content of a dome ; ilt height, and the d 
mennoru of %t» bate being fcRoim. 



Mnltiplj the aiw (tf the base bf two-thudi d* dM 1m^^ 
md the product will be the solidity. 



* Tba cDDTez lujfkca of s Tault may Le iannd by itTetcbinc • 
•triiif orerit; but fin the concave For&oe IhkmeUia^ia not uiphta^, 
Ue, and therefore ita XeogHx must be ftnnd from propei diioeuuMu. 

t Dome* and nkmu ore of vuioai Synrei, bat they i^ tbiqg* that 
•ddam occur in the praetice of iruaiurun. 
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D ARCKRD ROOn. 



«o^«0. 



2827.4400=area of the bate. 

30=1 of tfte haglU (30). 

S6548.8000t=^«o2ttZtfy required. 

S. In an hexagonal spherical dome, one side of the base 
is 30 feet : what is the solidity T Ane. IZOOOJeet. 

PROBLEM IV. 
Tojind the tiqter/icial ctmtent <^a tphericai domt. 
RULE.* 
Multiply the area of the base by 3^ and tiie product will 
be the Buperficial content required. 

EXAXFI.ES. 

I. What will the paintiog of an hexagonal qtherical 
dome come to, «t 1<. per yard ; each eide of the base being 
SQfeetT 

2.508076=area of a hexagen uhoae nde m 1. 
400=j5uareof 80. 



1039.330400=area of the base. 



9)2078.460800=n9wr/Einai ecntent requutd. 

2.0)380.940068 

11.6470044=111. 10<. lid. the expetue tf painting. 

* l%t prsetfenl rtdefor tUiftiail domtt u aafaUaat i 
Rbu Add tba hei(ht to half the dluneter of the bue, wd thb 
Mlin,nniItilJiei) by 1.5T08 wiQ |{;iTe the ni[ierficial conlmt nearly. 
R8 



PROBLEM V. 
To find the aolid content e/'a aaloon. 

RULE.* 

1. HuMply the height or the arc, its projection, oiw> 
fourth of the perimeter of the ceiling, and 3.1416 contiiiu- 
■lly together, and call the product A. 

2. From a side or diameter of the room take a like si4* 
or diameter of the ceiling, and multipl; the square of the 
remainder by the proper factor, (page 93,) and this product 
again by two-thirds of the height, and call the last product 
B. 

S. Multiply the area of the flat ceiling hy the height of 
tlK aich, and Uiis product added to the sum of A and B 
will give the content required. 



1. What is the solid content of a saloon with a circuW 
qoadrantal arch of S feet radius, springing over a rsotango- 
lar ro(»nof SO feet long, and 16 feet wide 1 



• Tb^nd thB mperficM emtlent of a lalamt. 

1. Had the area of the flat put of the ceilin^i 

3. Elnd the convei Bnriaoe of a cylinder, or e . , 

lengih ia «qasl la oDAiAattb the pecbneter of the eolint, ui4 Hi dL 
•melen to twice the height and twice the projectioD of 3ie Mcb< 

3. Und the mperGciil content of a dome of the lune figfttn pa th* 
■nh, and whose base is either s eqnaie, ot a iignie eimilar la that of 
the <:^Uo£ ; the aide beinii equal to the diQcience of a ude of tha 
nxHD and a aide of the eelfiag. 

4. Add thcM three arttdea together, and the aom will fiTS tile m- 
parficdal content nqoired. 

~ . a reotao^iilar, 
U be a aquare, a 



t.oiVsIc 



a mo AKonqs xoon. IM 

t tilt jUa part of the ceiling ia 16 feet hg 12; tatd 
4)56 
14=^ rf tAe-perimettr. 



20=side of the room. 
I6=tide of the oexling. 



lMiO,-&e.=fiu!tor. 



16.000 

H=\ of the height. 



192=arta <f the Jtat eetJing 
2=height if the arch. 
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S91.26S9=»olid eemtent required. 

, 2, A circular building of 40 feet diameter, and 26 feet 
liigfa to the ceiling, is covered with a ealoon, whose circn- 
Ur quadrantal arch is 5 feet mdius; required the capacity 
ot the room in cubic feet. Ans. 80779.45948 feet. 



PROBLEM VI. 

7b find the tolid content of the vacuity formed by a gran 
arck, either ctrctiiar or eUipHcal. 



Multiply the aren of the base by the height, aod the ptt^ 
duct again by .904, and it will give the soUdity required. 



1. What is the solid content of the vacuity fonned by a 
circular groin, one aide of its square base being 12 feetl 

Here 1S> X dx .904=7ei.0&6=:aoli(2t^ re^dred. 

2. What is die solid content of the vacuity formed by an 
elliptical groin, one side of ite square base being 20 feet, 
and die height 6 feetl Ana. 2169.6. 

PROBLEM Vn. 
To find the concave tuperfidei cf a circular groin. 



D ABcaxa Boors. 



Multiply tbe area of the base by 1.1416, and the product 
irill be the euperficiea required. 



* Thla role idb; bLh> be obaerred in elliptical grmuB, Ui^ arror beiii{ 
too ■miLQ to be regarded in practice. 

In measuring woiks where thero are manj groins in a rang;^, the 
cjlindrical [Hecea between the groina, and on their aidea, miut ba 
competed sepitratelj. 

And to Gnd the soliditf of the brick or stone work, which fonna the 
gtwa arches, obaerre the tbllowing 

Rin^ multiply the area Of the base by the height, including the 
woric over the top of the groin, uld this product kssened bj the aolid 
cmteol, ibond aa belbre, will give the soUditf required- 
Tie jwural rule yiw (Maaunn^ oU ardtt, I* i\U; 

Trora the content of the whole, considered ■■ aolid, fitini the ipring. 
ing of tbe atcb to the ontaide of it, deduct tbe vicuitj contained be- 
tween the laid apringiw and the under aide of it, and the remainder 
win be tlie ccaitent i^ the aolid pert 

And becanae the upper aidea of dH arches, whether vanlta or groina, . 
are bnilt up solid, abore the haunches, to the same height with the 
crown, it ia evident that the area of the base will be the whole content 
abore mentioned, taking for its thickncsa the height &om the apring. 
ing to the top. And for the content of the Tacuitj to be deducted, lake 
tbe area of ita biua, accounting ita thicknesa to be two-thirda of the 
greatest inside height. But it may be noted that the area used in th» 
vacuity, ia not euctly the some with that itaed in the aolid ; tor the 
diajoeter of the fbrmer is twice the thickneaa of the arch less thaa 
that of the latter. 

And althoDgh I have mentiimed the deduction of the Tacuity as com- 
mon to both the vnult and the groin, it ia teasonable to moke It only in 
the fbrmer, on account of the waste of materials and trouttle to the 
workioBn, in cutting and fitting them jbr the angles and interaectimiB. 

liilly handled, may consnh 
'ratimt de la dfomitrie, par M. I'Abbi Dtidier, 
■ work in which several parts of Mcnsuralion and Practicol Geometry 
are aldltiilly bandied, the examples being mostiy wrought out in an 
easy ^miliar manner, and illuatntod with ebserrations, and figorta 
Tery neatly executed. 



...lA^ooylt^ 



tuhiKs and 



1. \nut u the carve superficies of a circnhr groin aich, 
one side of itg square being 13 feetT 

H»e 12* X 1.1416 = ieA.S9IH=tuperfUiie» nqaind. 

2. Wbat is ths cottcave BUperRciea of a circular grain 
arch, one aide of its square being feetl Ana. ^.469ft. 
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CARPENTER'S RULE. 



. This instrument ia CMnmonly called CogeshalVs sliding 
rule. It consists of two pieces, of a foot in length eacb, 
which are connected together by means of a folding joint- 
On one side of the rule, the whole length is divided into 
inches and half quarters, for the purpose of taking dimen- 
sions. And on this face there are also several plane scales, 
divided by diagonal lines into twelve parts, which are de- 
signed for planning such dimensions as are taken in feet 
and inches. 

On one part of the other face there is a slider, and four 
lines marked A, B, C, and D ; the two middle ones B and 
C being upon the slider. 

"nirBe of these lines A, B, C, ue douhle uies, because 
tbey proceed from 1 to 10 twice over: and the fourth line 
D is & single one, proceeding from 4 to 40, and is called 
(lie girth line. 

The use of the double lines A, and B, is for working 
propoitioDS, and finding the areas of plane figures. And 
tbe use of the girth line D, and the other double line C, is 
for measuring solids. 

When 1 at the beginning of any line is counted 1, then 
the 1 in the middle will be 10, and the 10 at the end 100. 
And when 1 at the beginning is counted 10, then the 1 in 
the middle is 100, and the 10 at the end lOOO, &c. and all 
tbe small divisions are altered in value accordingly. 
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'Upon the other part tA this face, there is a table of the 
value of ft load of timber, at all prices, from 6£ to 3«. « 
foot. 

Some nilefl have likewise a line of inchei, or a foot di< 
Tided deoimally into 10th parts ; aa well as tables of board 
■Maauie, &e. but these will be best imderatood from a sight 
<tf the iiiBtnmient. 

TOE me OP THE supnTo bulx. 

PROBLEM I. 
To find the product of two ntaiAers, tu 7 and S6. 
RULE. 
Set 1 upoD A, to one of the numbers (36) upon B ; then 
against the other number (7) on A, will be found the pro- 
duct (182) upon B. 

JVbte.— If the third tenn runs beyond the end of the line, 
seek it on the other radius, or part of the line, and increase 
the product 10 times. 

PROBLEM U. ' 
To dinde one nuniber hy another, at 510 £jr 13. 
RULE. 

Set the divisor (IS) on A, to 1 on B ; then against the 
dividend (510) on A, is the quotient (43i) on B. , 

Note. — If the dividend runs beyond the end of the line* I 

diminish it 10 or 100 times to make it fall on A, and in- 
crease the quotient accordingly. | 

PROBLEM in. 

To tgimre any number, at S7. 
RULE. 
Set 1 upon D tol upon C; then against the number 
(27) upon D, will bo found the square (729) upon C. 



If fou would square 370, re<Aon the 1 on D to be I00{ 
and then tbe 1 on C wiU be 1000, and tbe product 73000. 

PROBLEM IV. 
7b ertracf the square root if any mazier, at 4268. 

RULE. 

Set 1 upon C, \o 1 upon D ; then against (4268) tfaa 
Dumber on C, is (65.8) the root on D. 

To value this right, you must suppose the 1 on C to be 
some of these squares, 1, 100, 1000, die. which is tbe 
nearest to the given number, and then tbe root corre- 
sponding will be the value of the 1 upon D. 

PROBLEM V. 

To Jind a mam proporthaid between 019 tm> tamben, at 
27OBd450. 

RULE. 

Set one of the numbers (27) on C, to the same on D, 
then against tbe other number (460) on C, will be tha 
mean (110.2) on D. 

JVbte.— If one of tbe numbers overruns the line, take tbe 
lOOtb part of it, and augment the answer 10 times. 

PROBLEM VI. 

l^ree numien being given, to find a fourth fraportioial , < 
guppoae 12, 2S, and 97. 
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RULE,* 

Set the first Dumber (12) upoa A, to the second (28) 
upon B ; then against the third number (67) on A, b the 
fourth (183) on B. 

Nole. — If one of the middle numbers tuds off tha. line, 
take the tenth part of it only, and augment the answer 10 

The finding a third proportional is exactly the same, the 
second number being twice repeated. 

Thus, suppose a third proportional was required to 21 
Vid33. 

Set the first 21 on B, to the aeccuid 32 wi A; then 
against (he second 32 on B, is 48.8 on A, which is the third 
proportional required. 



* The u»e of the rule in board and timber meumie will be shown 
in what fbllow*. 

If the breadthofa board be gi^o; to^ndhaamuch in ItngthioiiX 
nuie rqaarefaot. 

S111.K. Tf the board be nurow, it will be fbuod in the table rf 
board mesBura on tb« rule ; but. if not, sbnt the iviet and sock the 
bre&dlh in the line of board measure, riuining alongf tlie rule, from 
thai table ; then over againat it, on the opposite side, \a tlic length in 
inches required- 

The side of the tquareofa pfcce oflimJier heing given ; lofind Am 
mmeh in length wiU make a fool lalid. 

Si'LE. If the timber be Bmail, it will be (bund in the tabla of din. 
Aer rneasure on tbe rule; but, ifnol, look lor the aide of the sqiiare, 
in the line of timber meaaure, mnning along the rulCi Irow t^i^ t^liH 
Mid Bgainat h in the line of inches ia the length lequired. 
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TIMBER MEASURE. 



PROBLEM I. 

To find ike area, or tuperficial etmtent rf a hoard or plank. 

RULE. 

MuiTiFLT the length by the breadth, and the product 
will be the content required. 

Note. — When the board ie tapering, add the breadtha of 
the tno euda together, and take half the sum foi the mean 
breadth. 

BX THE SLIDIMB avTK. 

Set 12 on B to the breadth in inches on A, then against 
the length in feet on B is the content on A, in feet Rod 
firactionai parts as required. 



1. What is the value of a plank, whose length is S feet 
9 inches, and breadth 1 foot 3 inches tbrou^out, at S^d. 
per foot t 



10 7 6 the contCDt 



l.HVsIc 



in. 


1 8 
8 


"ii., 


* 




a». 6id. the Answer. 


B»TI 


m 8UDIN0 BCLE. 


Aa 12 oo B : IS 


m A : : 8i on B : lOi on A. 



Z. What is the content of & board, whose lenjrth is 5, 
feet? inches, and breadth 1 foot 10 inches? 

Ans. 10/e. 3 in. 10 jm. 

3. At Hd. peT foot, what is the value of a plank whose 
I«igth is 12 feet 6 inches, and breadth 11 inches through- 
out? Ans. It. 5d. 

4. Find the value of 5 oaken planks at Sd. per foot, 
esch being 17i feet long, and their particular breadths as 
follows ; viz. two of 13^ inches in the middle, one of 14^ 
inches in the middle, and the two remaining ones, each 13 
inches at the broader end, and Hi at the narrower 1 

Ans. II. 5t. 9id. 

PftOBLEMH. 
Tojfind ri€ tolidity t^iquared or four-sided timber. 



Multiply the mean breadtii by the mean thickness, and 
this product again bj the length, and it will give the so- 
lidity required. 

* JVott L If the alick be equally broad and tliick Ihroughont, Iha 
keadth and Ibickneas, anyiritMS taken, will b« the msui Iradth 

md tlHokncn. 
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TiABBa juuns. 



r THB SUDISO K1>LB. 



Aa tbe length in feet on G : 22 on D : 
inches on D : solidity on C 



I. The length of a piece of timber is 20^ feet, the 
biesdth at the greater end ia 1 foot 9 inches, tnd tbe thick- 
ness I foot 3 inches ; and at the less end the breadth is I 
foot 6 inches, and the thickness 1 foot : what ia the solidi^l 

1.75=gre4Uer hreadtk. 
l.S =leu breadth. 

2)3.35 

1.625=tnean breadA. 



Tiaa method of findlnf the tnemo dunenikmi is nuMOj nnd in 
pncljce, bat, in many cases, tt is eiceedinglj crraneans. 

The qaarter girth, likewise, which is menliiRied in the pnportian 
by the sliding' rule, is subject to emv. It is not the tbnrth port of tbo 
cajrcooiereBce, but the sqaare not of the product ariaiiif from mnhi' 
jiyiDg the mean breadth bj the mean tfaitunsai. 

In order to show the fallacy of taking- oneJonrth of the prth fbr 
the Hidfl of a mean ■qnare, take the following eiuaple : 

Suppose a piece of timber to be lU ftet laig, and a fbdt sqmra 
throughout, and let it be slit into two eqoal pnrta, from end to end. 

Then the mm of the soliditie* of the two puia, by the qoaiter girth 
oMthod, will bf 37 feet, bat the troe aoUdity is 24 feet; andifthttwo 
pieces were very -""q—'i tha diffireooe would he still fTMlR- 



l.25=greaier thieknat' 
1.00=Zeu thiehneu. 

S)2.25 

1.125=ni«iti tkieinett. 

Wm IM6X 1.135X20.5=37 .4765625 =:eonteKl required. 

By Ctou MvlHplicatum, 

fe. Hi-po. 
1 7 6 
116 



1 7 6 

1 7 

9 


6 

9 




1 9 II 
20 6 


3 




86 6 9 
10 11 




7 


6 



37 5 8 7 6=:»>nl(n(. 
BT TSB SLroma snio. 

jU 1 upon B : 19^ t^xm A : : 13^ i^m B : 26S^ 

ipon A, the mam aqttare. 

Am 16 upon C: ivpon D:: 1.8 (^nm C: 16^ upon D, 
ike tide of ihe mean tquare. 

At 90| upon C ; 12 upon D ; : 19.2 upon D : JFIfy npm 
C, the anKBer. 

2. The leo^ of a piece <tf timbei: n 24.5 feet, and its 
«aAi are •qiuil aqnaros, whose aides are eacli 1.04 feet : 
what is the aohdity T Ana. 26/eef 6 incha. 

.' 3. The length of a piece of timber is 20.38 feet, and 
the enda an imeqwal squarea, Iha aide of the-greater beiaf 
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19^ inches, and tlut of the leaa H inches : what is the ao- 
lidityt Ana. 89.756^. 

4. Tile lei^h of a piece of timber ii 37.36 feet ; at tJu 
greater end tbo breadth is 1.T8 feet, and the thickness 1>SS . 
feet; and at the less end the breadth is 1.04 feet, and the 
thickness .01 feet : what is the solidity 1 

Aiis. 41.S78/etf. 



PR06LEM III. 
JhJlkdAe»MUl]fofroli»dorvn»iptahdlimbir. 

RULE !.• 

Multiply the square of the quarter girth (or one-fbnrth 
ikT the circmnference) hy the length, and the product will 
be the content, according to tlte common practice, 

* Let easgiithiir ciTcmnicrence, and I=leiiftli of the tree. 

c c <?i 

Then — X-T-Xi=jg^ cdhteat of the tree according 

to the rule. 

c» o'i 

^^ .^.g 1 jifl X I = To'hHS* = t™8 content, accord- 



ing to the rule for finding the content of a cylinder. 

But 12 5664 'differs firom-r? by nearly one-fourth part of 
the whole, and therefore the rule is exceedingly erroneous. 

When the tree is lapering, tlie raean girth ii jband in the auna 
Vnnner aa in bmrd meoaure. Or If the tree be Tery irregular, Iha 
best way ia to divide it into a certain number of lengths, and find iha 
•cntent of each part aeporBtaJy. 

When ttMa hate their baik on, an ■llowalice is generallj made, b^ 
Redacting ao much from the girth as is judged aufficiuit to rcduM it 
(o such a circumfitrenoe as it would have without its bark. In oak 
IJiia allowance i* about iV <" A part of tho girth ; but for elm, beach, 
•A, &c wboHo bark ia not « tlu<^ the deductitok ought to be less. 






At the lengA upon C : 12 open D : i i girA iifMi D 
eoiiientvpon C. « 



1. A piece of timber is 9| feet long, and the quuter 
g^rth is 99 inches; what is the solidi^? 

By Decimalt. 
Here 39 tH.=3.2Syt., at\d &lfi.=9.1hft. 
nffl<!eS.2Srx 9.T5=10.5635X 9.75=108.084875 cuMe 
J'eet=solidity required. 

By CroK SHultiplieatUHu 
flin. 

S 3=39 inchM. 
8 3 



9 
9 


9 


10 6 
9 9 


9 
=9J feet 


95 

7 11 


9 
9 


102 11 


9=Mlidit7. 
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Ai 0} upon C : IS upon D : : S9 upon D : 103 upon C, 
ihe content. 

2. The length of a free is 25 feet, and the girth throu^. 
out 2^ feet ; what ia its solidity T Ans. 9fea itu^et. 

S. The length of a tree is 14) feet, end its girth in the 
middle 3.15 feet ; required the solidity T 

Ans. 9/eet nearly. 



..Co<,gl. 
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4. He ffirtha of a tree in 4 different places are as fol- 
lows ; iu tba first place 6 fset 9 inches, in the second, 4 
feet 6 inches, in the third 4 feet 9 inches, and in the fourth 
3 feet 9 inches; and the lengtfaof the whole tree is 15 feet; 
what is the solidity ? Ads. 20/eet 7 JncX«*. 

6. An oak tK« is 46 feet 7 inches long, and its quarter 
giith 3 feel 8 inches ; what is the solid content, allowing 
iV for the bark 1 Ans. 51SJixt, nearly. 

RULE II.* 

Multiply the square of one-fifth of the girth by twice the 
length, and the product will be the solidity, extretaely near 
ike trvtlu 



* Let eKdrcDnifereiice,uid'l^IeD|;th, u belbre. 

e e 2,?l e'l 

Then -^X-r-X2i = .:rr-E=77r==:contentof the tree ao 
5 5 30:S 13.5 

cording to the rule. 

And tlie true content is = . „ sggl i ^ was before shown. 

c"/ tn ' 1 

But J g-g diflers from ^g "^qI ^7 ""'J "bout j^ part of 

the whole, ind ia therefore sufficiently near the truth for anj practical 
pufpoBft 

This rule is fall bb easy in practice u the feI«o one, and theretOTB 
ouglit to be ^enerDliv need, ainee tbe eaae of the other metlrad la tiM 
onfy argument which ia alleged tor e m p l oying iL 

The fnllowing role ms pma me kj Mr. Burntt, and it a attl 
aearec approxiniaticm. 

RuU. Multipl; the aquare of the circumference by the length, 
and take -fi of the pnHlaot : Aom thia Iwt mimber anbtract j^ of It- 
self and the remainder will be tbe answer. 

2.566^ 

"TT — ~8 ^ n' '^^^'^ '* the same as the rule, anddifie» 
ftom the troth bf wtly I foot in 2300. 
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IJta fifiJk t^poB D : contend upon C. 



1. A piece of timber is 9| feet long, and } of the girth 
if 3.6 feet; what is the solidity 1 



^DetAmaU, 



JHim 3^X 9.7SX 3 =: 181. 8200= i»nt«nf. 
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At 19.15 Kpon C : 13 upon D : : 31^ in. upon D : 193 
AseonCmt uponC. 

2. If the length of a tree be 24 feet, and the girth 
Oroughout 8 feet ; what is the content ? 

Ana. 128/ee(, itnerlg. 



3. If 1 tree girth 14 feet at the tiiicker eod, and 3 feet at 
the nnaller end ; required the solidity whea the length is 
24 feet T Asa. 123 feet, nearly. 

4. A tree girths in five diffeient places as foUowa : fa tha 
first plaoe 9.48 feet, in the second 7.92 feet, in the third 
6.1S feet, in the fourth 4.74 feet, and in the fit\h 3.16 feet ; 
utd the whole length is 17} feet; what is the solidity} 

.Atis. 64.4249/eef. 
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SPECIFIC GHAVITY, 



The specific gravities of bodies are their relative weights 
contained under the same givea magnitude, as a cubic foot, 
a cubic inch, &«. 

The specific gravities of several sorts of bodies are ex- 

Iiressed bjr the numbers annexed to their names ia the fiol- 
owing table: 



A table of the tpeafic gratitiet of bodiet. 

Brick - - . 
Light earth - - 
Solid gunpowder 
Sand .... 
Pitch - - - - 
Dry box-wood - 
Sea water • • 
Common water - 
Dry oak ... 
Gunpowder, shaken 
Dry ash - - 
Diy maple - 
Dry olm ■ ■ 
Dry fit - . 
Cork - - - 
Air - - - 



3000 
1984 
1745 
1520 
1160 
1030 
1030 
1000 
93S 
922 
SdO 
755 
600 
550 
240 

u 



JVote.— As a cnbic foot of water weighs just 1000 
ounces Avoirdupms, the numbers in tids table express not 
only the q>ecific gravities of the seToral bodies, but also 



Fine gold . . 


19640 


Standard gold - 


16888 


Quicksilver - 


14000 


Lead - - - 


11323 


Tine silver - 


11091 




10535 


Copper . - - 


9000 


Gun metal - 


8784 


Cast brass ■ - 


8000 


Steel - • • 


7850 


Iron ... 


7645 


Cast iron- - - 


7425 


Tin ... - 


7320 


Marble - - - 


3700 


Common Bt<me 


3520 


Loam - . . 


2160 
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the weight of a cubic foot of each, in AvoirdttpKUS ounces; 

I and hence, hy propoFtion, the weight of any other quwitityi 

or the quantity of any other weight, may be readily known. 



PROBI^M I. 
Tojind the magnitude of a body, from its weight being 

RULE. 

Aa the tabular specific gravity of the body, is to 'U 
weight in Avoirdupoia ounces. 

So is one cubic foot, or 1728 cubic inches, to its content 
in feet, or inches, respectively. 



1. R«quired the content of an inegular block of c 
noa stone, which weighs 1 cwt. or 113 lbs. 

Here 112 lbs.=1792 oz. 



Henee 2520 : 1792 : : 1738 : 1228J. Ans. 

2. How many cubic inches of gunpowder are there in 
one pound weight? Ans. 30 nearlg- 

3. How many cubic feet are there in a ton weight of 
drroaki Ans. SSffl! 



Tojtnd the weight <tf a body from Ha magrutude being 



BraciFio 6RAvrrv> 



RULE. 



As one cubic foot, or 1728 cubic inches, is to the con- 
tent of the body, 

So ie its tabular specific gravity, to the weight ot tha 
body. 



1. Required the weight of a block of marble, whose 
length 13 63 feet, and its breadth and thickness each 12 
feet ; these being the dimensions of one of the stones in 
the walls of Balbec. 

Here 12'>: 63=9072 c. ft.=content of the body. 

Hence 1 : 9072 : : 2700 : 244944 oz.=639^ tom, which 
it equai to the burthen of an Eatt Lidia ihip. 

2. What is the weight of a pint of gunpowder, ale 
measure t Ans. 19 os. nearly, 

9. Wiat is the weight of a block of dry oak, which 
measures 10 feet in length, 3 feet in breadth, and 2i feet 
deepT Ans. 4335^^ Ub. 

PROBLEM m. 

T\}Jtnd the tpeeifie grants ^f ^ body. 

RULE. 

Owe 1. When the body is heavier than water, weigh it 
both in water and out of water, and Uie difference will be 
tiie weight lost in the water. 

Then, as the weight lost in the water, is to the whole 
weight, 

So is the specific gravity of water, to the qiecific gnvity 
of the body. 
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A piece of Stoae weighed in air 10 pouodsi but in water 
(ml; B| pounds. Required its specific gravity. 



I»)40000(80r7 



90 

dice 2. When the body is lighter than water, so that it 
will not quite sink, affix to it another body heaTier than 
water, so that the mass compounded of the two may sink 
together. 

. Weigb the heavier body and the cmnpound mass sepa- 
rately ^th in water and out of it, and find how much each 
loses in water, by subtracting ita weight in water from its 
weight in air. 

Then aa the difference in these remainders is to the 
wei^t of the light body in air. 

So is the specific gravity of water to the specific gravity 
of the body. 



Sujqpose a piece of elm weighs in air 16 pounds, and 
that a piece of copper which weighs 18 pounds in air, and 
16 pounds in water, is affixed to it, and that the compound 
weighs pounds in water; required the specific gravity of 
the elm. 



(., 



)l>yk' 



PllOBLEM IV. 

To^^nd the quantitiea cf tico ingredienti in a given 
compound. 

TUe.the difference of every pair of the three specific 
gnvitiea, viz. of the compouiid and each ingredient, and 
inultipiy the difference of eTCry two by the third. 

Then as the greatest product is to the whole weight of 
the conqtound, ao is e&ch of the other products to the 
weight <wr the two ingredients. 



A composition of llS pounds being made of tin and 
copper, whose specific gravity is found to be 8784 ; re- 
quired the quantity of each ingredient : the specific gravity 
of tin being 7320, and of copper 9000. 

9000 9000 8784 

7330 8784 7320 



1680 

S784 


216 
7320 

Aaao 

64S 
1512 

1581120 


1464 diff. 
900O 


70S720 
62704 

8784 


13176000 


14757120 
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BFECIFIC £ 

14767120 i 112 : : 13176000 



26362000 
13176 
13176 



14757120)1475718000(100 
Ans. lOOlb. of cofmer i . , 

and im. ^tm j '" "« "omposUum. 
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buscexlaneous questions. 



I. Weat difference is there between a floor 48 feet 
long, aixl 30 feel broad, and two others each of half the 
dimensionB 7 Ana. 120 /kL 

% Front a mahogaDy plank 36 inches broad, a yard and 
a half is to be sawed oS; what distance from the end 
must the line be struck? Aug. 6.S3/ee<. 

3. A joist is 8j inches deep, and 3) tnvad ; wbid will be 
the dimensions of a scantling just as big again as the joist, 
that is 4] inches broad? Ans. 12.52 incket deep. 

4. A roof is 34 feet 6 inches by 14 feet 6 inches, and is 
to be covered with lead at SIbs. to the foot ; what will it 
come to at ie<. per cwt 1 Ans. 221. 19a. lO^d. 

5. What is the side of that equilateral triangle, whose 
area cost as much paving at 8d. per foot, as the palisading 
the three sides did at a guinea per yard 7 

Ans. 72.746 /erf. 

6. The two sides of an obtuse-angled trian^ are 30 
and 40 poles; what must the length of the third side be 
that the triangle may contain just an acre 1 

Ans. 58.876, or 28.099. 
T. If two sides of an obtuse-angled triangle, whose area 
i8 80^/8, be 13 and 30; what is the third Bide t 

Ana. 38. 

8. If an area of 24 be cut oif from a triangle, whose 
three sides are 13, 14, and 16, by a line parallel to the - 
longest side ; what are the lengths of the sides including 
that area? Ans. V'V14, 2V14,fflnd V^/14. 

9. The distance of the centres of two circles, whose 
iliameters are each 60, is equal to SO ; what is the area of 
Ute space inclosed by their circnmfeience T 

Ans. 559.1 IGi. 
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i& lliere is a segmeDt of a circle the cbanl of which 
il 00 fset, ukI vereed Bine 10 feet; what will be the versed 
Bine of that segment of the same cirale whose chord is 90 
feetT Ads. Se.S055. 

11. The area of ait equilateral triangle, whose base falls 
OD the diameter, and its vertex in the middle of the arc of 
B semicircle, is equal to 100; what ia the diameter of the 
semiciiclel Ans. 29.32148. 

13. The four aides of a field, whose diagonals are equal 
to each otheri are 25, 35, 31, and 19 poles, respectively; 
what is the area?* Ans. 4 ac, X ro. 88 folett 



«lnujtsdu£)Ik>tre: 




■nd draw BF at right aaglea to it. With tbe centrs C, and radim 
equal to the remumnK nde (19) describe an ue cnttiii^ BF producad 
ia D. Join AD Bud CD, then will ABCD bo tbe figiue required. 

DemonOration. — ^By the question ab' + en* = bc" + cb^ 
•nd since bD and ac cross each other at right angles, 
(47.1 ) ab" -f oD^ = K^ + AD* ; wherefore a^=eb\ or ao 
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13. A cable whkb is S feet long, and 9 inchea in com- 
pass, weighs !^3 pounds : what will a fathom of that cablo 
weigli whose diametei ia B inches? Ana. i3i.2Slb». 

14. A circular fish-pond ia to be dug in a garden that 
shall take up just half an acre : what must the length of Uie 
chord be that strikes the circlet Ans. 27.75 yard*. 

15. A carpenter is to put an oaken curb to a round 
well, at Sd. per foot square ; the breadth of the curb ia to 
be 7i inches, and the diameter within Si feet : what will 
be the expense? Ans. 5s. 2id. 



Hence, in the two triangles ABD and EAC, we IuiT« tbe tiro Hi<teB 
BA, AB equal tiie two AB, EC, each to eacb, and tin angles ABD 
and EAC equal (oach bciu^ Die complement of BAF) and EC and 
AD, nmilBilf ntuated ; wheretbre BD=AC. Q. £. D. 

Calcidati<m.r-^n be let fall the perpendiculars co and 
ah; now bb'=ab'+ae'=35' X 2; bb = v/85'X 2=35 
^2=49.4975 ; and AB=BH=iBE= 24.7487 ; again (13.2) 
bc'+bb'— CB* 31'+2 X 35*— 25" 2786 

"'=. 2ii 

28.1428 ; OH = » 



CO=v'bc' — bg'=V31' — 28.1428^=^168.99280818 = 
13.9993. By sim. triangles An+cB(37.74a) : gh(3.3941) 
; i AH (24.7467) ; ni = 2.2253; ai = r/ ah' + m' = 
^24.7487"+ 2.2253' = ^/612.49815169 + 4.95196009 = 
^/■fll7.4501 1178=24.8485. Again, b? sim. triangles, hi 
(2.3253) : hs(3.3941) : : xi(24.e485) : ac=37.8997=bd j 
now, by Problem V. Superficies, the area of the trape- 
ac X BF+Fo AO X BD AC" 87.8997» 

zmm ABCD = 2 = 8 ~~S'~ 2 — ^ 

718a93S po.s4 ac. 1 ro. 38 po. Ans. 

Note. — Thia method is applicable to all qnesciona of the kind 
whetein tlbe diagc«iala cross each other at ligfat angles ; Oai is, wlien 
the SDEns of the EqnoreB of the oppodte aidei are eqna], tint a genenl 
■diition to theqoesticHi.'wilfaout tiui,wouIdinTDlT«uieqnatiaa<if tba 

Lighei order. 
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16. Suppose the expense of paving ft semicircular plot, 
Kt 2s. id, per foot, anKmnted to IOZ> what is the diameter 
of it7 Ans. 14.7789. 

17- Seven men bought a grinding stone of 60 inches in 
diameter, each paying ^ part of the expense ; what part of 
the diameter must each grind donn for his share ? 

C The 1st, 4.4508 ; 2d, 4.6400 ; 3d, 5.3585 ; 
Ana.^ 4(A, 6.0765; 5th, 7.2079; 6th, 9.3935; 
( and the 1th, 22.6778. 



• This prolilera may be tl 

On the radius AC describe a semicircle ; also divide AC into u 
tony eqDHl parts CD, DE^ EF, &c. as Ihfre are sharea, and erect the 
perpendicnkr DL, EM, FN, &c. meeting- the Bemicircle described on 
AC in L, M, N, O, F, Q. Then with the centre C and ladii CL, CM, 
CN, Slc. describe circles, and the thing is done. 




, '..on^fu 
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IS. A gentleman has a ftarden 100 feet kiog, and 80 feet 
btoad, and a gravel walk is to be made of an equal width 
half round it ; what muet the width of the walk be so aa ts 
take up just half the ground?* 

Aus. 25.9688 feet, 

19. In the midat of a meadow well stored with grass, 

1 took juat an acre to tether my ass ; 

How long must the cord he, that feeding all round, 

He maf'nt graze less or more than an acre of ground T 
Ans. 39.25073/eefc 

20.-A malster has a kiln that is 16 feet 6 inches square ; 
now he wants to pull it down, and build a new one that 
will dry three times aa much at a time aa the old one did ; 
what must be the length of its side 1 

Ans. 3S_/eet 7 incka, 

31. If a round cistern be 36.3 inches in diameter, and 
52.5 inches deep; how many inches in diameter must a 
cistern be to hold twice the quantity, the depth being the 
aame 1 Ans. 37.19 iitchei. 



: Let ABCD reprBoen' 
tre D and ndiiu DE 
iaiba the semicircle GEF. Make BI=i BG, BL=J BF, and . 
]dete the rectangle IBLH, and the thing ia done, 



For the area <tf bihl=k 
BD — (m — cb) bd* — (CE 



the 




Bfl BF BD + (CI>— OB) 

■~ 2 ** ~3" ~ 2 

3b)'__ BD' — (CD* — 2CD.CB + OB^ 



— =— 5— =i the area of the garden. 
Q. E. D. 



38. A may-pole, whose tap was broken off by a blast of 
trind, struck the ground at 15 feel distance from the bot- 
tom of the pole : what was the height of the whole may* 
pole, supposing the length of the broken piece to be 39 
■feet? AjiB. 75/eef. 

34. What Will the diameter of a globe be, when the 
solidity and superficial content thereof are represented by 
the same number? Ans. 6. 

S5. How many three inch cubes can be cut out of a 12 
inch cube 1 Ana. 84. 

26. A fanner borrowed part of a hay-rick of hia neigh- 
bor, which measured € feet every way, and paid him back 
again by two equal cubical pieces, each of whose sides was 
three feet : Query, whether the lender was fully paid? 

Ads. He was paid i part oiUg, 

S7. What will the painting of a cooioal church spire 
come to at 8d. per yard ; supposing the circumference of 
the base to be G4 feet, and the altitude 118 feet? 

Ans. 14L Oj. 8J<!. 

28. What will a marble frustrum of a cone come to at 
12>(. per solid foot ; the diameter of the greater end being 
4 feet, that of the less end 1^ feet, and the length of the 
slant side 6 feet? Ans. 30Z. Is. ll%d. 

29. The diameter of a legal Winchester bushel is Iftj 
iitobes, and iU depth 8 inches : what must the diameter of 
that bushel be whoee depth is 7^ inches ? 

Ans. 19.1067. 

30. Suppose the ball at the top of St. Paul's Church is 8 
feet in diameter : what did the gilding of it come to at 
^^id. per square inch? Ans. 2371. 10a. Id. 

SI. A person wants a cylindric vessel of 3 feet deep, 
that ahall hold twice as much as a vessel of 28 inches deep, 
and 46 inches in diameter : what must be the diameter of 
the vessel required? Ans. 57.37 incken 



SS8 KIBCBLUUTSaiTB QTrESTTOin. 

83. Two portere ngreed to drink off a. quart of atrong 
tffier between them, at two pulls, or a draught each; now 
the firet having given it a black eye, as it is caJJed, ot 
diank till the surface of the liquor touched the opposite 
edge of the bottom, gave the remaining part of it to the 
other: what was the difference of their ahares, supposing 
the pot waa the frustrum of a cone, the depth being 5.7 
inches, the diameter at the top 3.7 inches, and that of the 
bottom 4.23 inches 1 Ans. 7.05 cvbic inchei, 

33. The monument erected in Babylon by Queen Semi- 
lamia at her husband Ninua's tomb, is said to have been 
one solid block of marble in the form of a pyramid ; the 
base was a square whone side was 20 feet ; and the height 
ttf the monument was 150 feet,' now suppcee this monu- 
ment was sunk in the Kuphrates, what weight would be 
sufficient to raise the apes of it to the surface of the 
water, and what weight would raise the whole of it above 
the water? 

Ana. To raiae it to the tnrface would regvire 948f | toru, to 
raite it out would regvire 1606J| toTia, {which ia the 
same as the weight of the monutnent.) 

34. If the pyramid deacribed in the last esample were 
divided into three equal parts by planes parallel to its base, 
vrfaat would be the length of each par^ beginning at the 
top) 

Ans. 104.0042, 27.0329 and 18.9629 regpectioel]f. 
39. How high above the surface of the earth must a 
person be raised to see J of ila surface 1 

Ans. To the height of the eartVx diameter. 

36. A cubical foot of braas is to be drawn into a wire of 
^ of ui inch in diameter; what will be the length of the 
wire, allowing no loea in the metal 7 

Ana. 97784.5684 yanfa, or near 56 milet. 

37. A gentleman has a bowling green, 300 feet long, 
and 200 feet broad, which he would raise one foot higher 
by means of the earth to be dug out of a ditch that goes 
round it ; to what depth must the ditch be dug, supposinp 
ita breadth to be everywhere 8 feett 

Ans.7W>*. 



38. Of win diomotei' ffiuat the bore «i a oumoa he, 
which is coat foj ft ball of 24lbs. weight, bo that the diame- 
ter of the bore may be y'^ of an inch mote than tliat of thn 
ball? Ana. 5.647 tncjbe«. 

39. One end of a certain pile of wood is petpendicular 
to the horizon, the other is in the form of an inclined 
plane : the length of the pile at the bottom is 64 ieat, length 
it the top 50 feet,' height 12 feet, length of the wood 5 
ifeet; required the number of cords it contains) 

Ajib. 26|i. 

- 40. llie ellipM in Gioevenor-sqoare meaaurea S40 links 
across the longest waj, and 612 the shortest, within the 
walla; now the walls being 14 Incbes thick, it ia required 
to find what ground they inclose, and what they atand upon. 
Ans. Tkey inclote 4ac. Oro. 6po, and stand on n&Ojt 
square feet. 

41. If a heavy sphere whose diameter is 4 inches, be 
put into a conical glaaa, full of water, wfaoae diameter is 6, 
and altitude 6 inches: it is required^to know bow much 
water will run over? " 

Ana. Hcf a pint nearly, or 26.272 incket. 

42. Suppose it be fomid by measurement, that a man-of- 
war, with its ordnance, rigging and appointments, draws lo 
much water as to displace 50,000 cubic feet of water; »- 
quired the weight of the vessel ? 

Ans. 1395^ tom. 

43. One ev'ning I cbauc'd with a tinker to sit. 
Whose tongue ran a great deal too fast for his wit ; 
He talked of his art with abundance of mettle; 
So I aak'd him to malce me a flat-bottom'd kettle. 
Let the top and the bottom dlametera be. 

In just such proportion as five is to three : 
Twelve inches the depth I propos'd, and no more; 
And to hold in ale gallons seven leas than a score* 
He promie'd to do it, and straight to work went ; 
But when be had done it he found it loo scant. 
11 
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He altei'iit then, but too big lia had jmAe it; 
For though it held right, the diameters fsil'd it ; 
Thus making it often too big and too little. 
The tinker at last had quite epoiled hia kettle ; 
But declareB he will bring his said promise to pass, 
Or else that he'll spoil every ounce of hie brasa. 
Now to keep him ftom ruin, I pray find him out 
The diameter*!) length, for he'll ne'er do 't, I doubt. 

Ana. THr ^rffrm ifi'fTn-f-|- 1 1 H llftT, niiff fV frj [fi'ni 
ter 34.4002. 

44. If the above-mentioned irustnim of the cone wem 
to bold aa much again, what would be the length of tha part 
added to the greater end t 

Ana. 6.984 in. ncarb. 
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AREAS OF THE SEGMENTS OF A CIRCLE 



h 


Seg.Are^. 


u 


Seg. Aria. 


k 


Stg. Area. 


.001 


.000042 


.024 


.004931 


.047 


.018892 


.003 


.000119 


.035 


.005230 


.048 


.013818 


.003 


.000219 


.036 


.005546 


.049 


.014247 


.004 


.000837 


.027 


.005867 


.050 


.014681 


.006 


.000470 


.038 


.006194 


.051 


.015119 


.006 


.000018 


.029 


.006527 


.062 


.015561 


.007 


.000779 


.080 


.006865 


.068 


.016007 


.008 


.000951 


.031 


.007309 


.064 


.016457 


.000 


.001135 


.082 


.007558 


.055 


.016911 


.010 


.001329 


.038 


.007913 


.056 


.017369 


.011 


.001533 


.034 


.008278 


.057 


.017831 


*12 


.001746 


.035 


.008686 


.058 


.018296 


.018 


.001968 


.036 


.009008 


.059 


.018766 


.014 


.003199 


.037 


.009383 


.060 


.019239 


.015 


.002439 


.038 


.009763 


.061 


.019716 


.016 


.002686 


.039 


.010148 


.063 


.030196 


,017 


.002940 


.040 


.010537 


.068 


.020680 


.018 


.003202 


.041 


.010931 


.064 


.021168 


.019 


.008471 


.042 


.011330 


.065 


.021669 


.020 


.003748 


.048 


.011734 


.066 


.032154 


.021 


.004031 


.044 


.012142 


.067 


.032662 


.022 


.004822 


.045 


.012554 


.068 


.023164 


.023 


.004618 


.046 


.012971 


.069 


.023659 



c.C.OOglu 



Th« Amm of the SegmcDta of a, CSidc 





h 


Stg. Area. 


17 
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.070 


.024168 


.102 


.042080 


.134 


.062707 




,071 


.024680 


.103 


.042687 


.135 


.003389 




.072 


.025195 


.104 


.043296 


.186 


.064074 




.078 


.025714 


.105 


.043908 


.187 


.064760 




.074 


.026230 


.106 


.044522 


.188 


.066449 




.075 


.026761 


.107 


.045139 


.139 


.066140 




.076 


.027289 


.108 


.045750 


.140 


.066833 




.077 


.027821 


.109 


.046381 


.141 


.067628 




.078 


.028856 


.110 


.047005 


.142 


.068225 




,079 


.028894 


.111 


.047632 


.143 


.068024 




.080 


.029435 


.112 


.048262 


.144 


.069626 




.081 


.029079 


,113 


.048894 


.145 


.070328 




.083 


.030526 


.114 


.049528 


.146 


.071083 




.083 


.031076 


.115 


.050165 


.147 


J)7174l 




.084 


.031629 


.116 


.050804 


.148 


JI73450 




.085 


.032186 


.117 


.051446 


.149 


.073161 




.086 


.032745 


.118 


.052090 


.150 


.073874 




.087 


.033307 


.119 


.052736 


.151 


.074589 




.088 


.033872 


.120 


.053385 


.152 


.075306 




.089 


.034441 


,121 


.054036 


.153 


.076026 




.090 


.035011 


.122 


.054689 


.154 


.076747 




.091 


.035585 


.123 


.055345 


.155 


.077469 




.098 


.036162 


.124 


.056008 


.156 


.078194 




.093 


.036741 


.125 


.056663 


.157 


.078931 




.094 


.037323 


.126 


.057326 


.168 


.079649 




.095 


.037909 


.127 


.057991 


.159 


.080380 




.096 


.038496 


.128 


.058658 


.160 


.091112 




.097 


.039087 


.129 


.059327 


.161 


.081846 




.098 


.039680 


.130 


.059999 


.162 


.082583 




.099 


.040270 


.131 


.060673 


.163 


.088820 




,100 


,040875 


.132 


.061348 


.164 


.084059 




.101 


,041476 


.133 


.062026 


.165 


.084801 
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k 


Stg.Arta. 


k 


&f.j™. 


h 


fbig.Ana. 


.166 


.085644 


.198 


.110226 


.230 


.136465 


.167 


.0862B9 


.199 


.111024 


.231 


.137307 


.168 


.087036 


.200 


.111823 


J882 


.138150 


.Iflft 


.087786 


.201 


.1X3624 


.338 


.188995 


.170 


.088635 


.202 


.113426 


.334 


.139841 


.171 


.089287 


.203 


.114830 


.335 


.140688 


.172 


.090041 


.204 


.116036 


J836 


.141537 


.178 


.090797 


.205 


.115843 


ja37 


.143387 


.174 


.091664 


.206 


.116650 


,238 


.143239 


.175 


.092318 


.207 


.117460 


.239 


.144091 


,176 


.093074 


.208 


.118371 


,240 


.144944 


.177 


.093938 


.809 


.119083 


J841 


.146799 


.178 


.094601 


.210 


.119897 


.243 


.148666 


.179 


.095366 


.811 


.180713 


.243 


.147612 


.180 


.096134 


.213 


.131589 


.244 


,148871 


.181 


.096903 


.318 


.122347 


.345 


.149330 


.182 


.097674 


.214 


.128167 


.846 


.160091 


.183 


.098447 


Jil& 


.123988 


,847 


.150958 


.184 


.099221 


.816 


.124810 


.248 


.151810 


.185 


.099997 


.217 


.126834 


ja49 


.158680 


.186 


.100774 


.218 


.126469 


.360 


.153546 


.187 


.101558 


i310 


.127285 


.351 


.164412 


.188 


.102334 


.320 


.128113 


.362 


.1652M 


.189 


.103116 


.231 


.128943 


.253 


.166149 


.190 


.108900 


.333 


.129778 


J!64 


.157019 


.191 


.104686 


.223 


.130605 


ja66 


.167890 


.193 


.105472 


.224 


.181438 


.256 


.158762 


.193 


.106261 


.225 


.183272 


.267 


.169636 


.194 


.107061 


.226 


.133108 


.358 


.160610 


.196 


.107842 


.227 


.183946 


.359 


.161386 


.196 


.108696 


.238 


.134784 


.260 


.168263 


.197 


.109430 


.229 


.135624 


.361 


.103140 
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>s 




>m 
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.902 


.164019 


.294 


.192684 


.326 




.363 


.164899 


.395 


.193590 


.327 


.223315 


.264 


.165780 


.396 


.194509 


.338 


.224154 


.265 


.166663 


.297 


.106433 


.329 


.225093 


^66 


.167640 


.298 


.106837 


.330 


.226033 


.367 


.168430 


.299 


.197252 


.331 


.226974 


.268 


.169315 


.800 


.198168 


.332 


.227915 


.269 


.170203 


.301 


.199085 


.333 


.228858 


.270 


.171089 


.302 


.300003 


.334 


.229801 


.271 


.171978 


.303 


.200932 


.335 


.230745 


.872 


.172867 


.304 


.201841 


.336 


.331689 


.273 


,173758 


.305 


.203761 


.337 


.233634 


.274 


.174640 


.306 


.203683 


.338 


.233560 


.275 


.175542 


.307 


.204605 


.339 


.334526 


.276 


.176485 


.308 


.305527 


.340 


.235473 


Jin 


.177880 


.309 


.206451 


.341 


.886421 


.278 


.179225 


.310 


:30737a 


.342 


.887869 


.279 


.179122 


.311 


.308301 


.348 


.388318 


.280 


.180019 


.313 


.209327 


.344 


.239368 


.281 


.180918 


.313 


.210154 


.345 


Ji40218 


.832 


.181817 


.314 


.211082 


.346 


.341169 


.383 


.182718 


.315 


.212011 


.347 


.842121 


.264 


.183619 


.316 


.312940 


.348 


.243074 


.285 


.184531 


.317 


.213871 


.349 


.844036 


.286 


.185425 


.318 


.314803 


.350 


.244980 


.297 


.188329 


.319 


.215733 


.351 


.245934 


^88 


.187234 


.320 


.216666 


.852 


.846889 


.289 


.188140 


.321 


.217599 


.363 


.247845 


.290 


.189047 


.332 


.218583 


.354 


.248801 


.291 


.189955 


.323 


.219468 


.355 


.249757 


.292 


.190864 


.324 


.220404 


.366 


.850716. 


.263 


.191775 


.335 


.221340 


i867 


251673 
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StgiArM. 
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8ig.Ar«.. 


IJ 


Stg.Arm. 


.358 


.2^681 


.300 


.283592 


.422 


.316016 


.809 


.358590 


.391 


.284568 


.423 


.816004 


.800 


.254650 


.393 


.285644 


.424 


.816992 


.361 


.255610 


.893 


.286531 


.425 


.317981 


.362 


.250471 


.894 


.287408 


.426 


.818970 


^3 


.357483 


.805 


.288476 


.427 


.819960 


.364 


.258395 


.890 


.389458 


•4S8 


.320948 


.866 


.350857 


.SOT 


.390482 


.429 


.321838 


.866 


.260320 


.398 


.301411 


.430 


.322928 


.367 


.261284 


.899 


^192800 


.431 


.823918 


.366 


.262348 


.400 


.293360 


.482 


.334909 


.869 


.268313 


.401 




.433 


.326900 


.870 


.264178 


.403 


.395380 


.434 


.326893 


.871 


.365144 


.408 


.296811 


.485 


.8^7882 


.872 


.260111 


.404 




.436 


.828874 


.873 


.367078 


.405 




.437 


.829866 


.374 


.368045 


.406 


.399255 


.488 


.330858 


.375 


.269013 


.407 


.300288 


.439 


.331850 


.376 


.269982 


.408 


.301220 


.440 


.883843 


.377 


.270951 


.409 


.302203 


.441 


.333836 


.878 


.371920 


.410 


.303187 


.442 


.334829 


.879 


.372890 


.411 


.304171 


.443 


.835822 


.880 


.273861 


A12 


.805155 


.444 


.336816 


.381 


.874832 


.418 


.306140 


.446 


.387810 


.862 


.275803 


.414 


.307125 


.446 


.338804 


.883 


.276776 


.415 


.808110 


.447 


.389798 


.384 


.277748 


.416 


.309096 


.448 


.340793 


.385 


.278721 


.417 


.310081 


.449 


.841787 


.886 


.379694 


.418 


.311068 


.450 


.342782 


.387 


.280608 


.419 


.312054 


.451 


.348777 


.388 


.281642 


.420 


.313041 


.452 


.344772 


.889 


.282617 


.421 


.314020 


.463 


.346768 



c.C.OOglu 



im) 



Tha Area* of the Sagmento (f ft OrCb. 



li 


Sv-Area. 


h 


&g.Ar^. 


IF 


Stg. Arte: 


.454 


.346764 


.470 


.382717 


.486 


.378701 


.455 


.347759 


.471 


.363715 


.467 


.370700 


.456 


.348755 


.472 


.364713 


.488 


.380700 


.457 


.349762 


.473 


.366712 


.480 


.381699 


.458 


.350748 


.474 


.866710 


■.400 


.383600 


.450 


.351745 


.475 


.867700 


.401 


.388600 


.460 


.352741 


.476 


.868708 


.402 


.884609 


^61 


.353789 


.477 


.369707 


.409 


.386609 


.462 


.354786 


.478 


.370706 


.404 


.366609 


.463 


.355782 


.470 


.371705 


.495 


.387699 


.464 


.356780 


.480 


.373764 


.496 


.368600 


.465 


.357727 


.481 


.378703 


.497 


.389699 


.466 


.358725 


.482 


.374702 


.498 


.^0699 


.467 


.359728 


.463 


.876702 


.499 


.301699 


.468 


.360721 


.484 


.376702 


.600 


.302699 


.469 


.361710 


.485 


.377701 
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iPPENDIX 



Thx biuineea of CBsk-gau^ng is commonly performftd 
by two instruraentB, namely, the gauging or sliding nil% 
and the gauging or diagonal rod. 

I. OF THE OAUGime BVL£. 

Thifl inBtr!im«)t serves to compute the gontenta of ceakM, 
4c after the dimensions have been ta^n. It is a squan 
rule, buying various logarithmic lines oa its four sides or 
faces, snd three sliding pieces, ninning in grooves, in three 
of them. 

UjHHi the 6rat face are three lines, namely, two marked 
A, B, for multiplying and dividing; and the third, MD, for 
malt depth, because it serves to gauge mall. The middle 
one Q ia on the slider, and is a kind of double tine, being 
marked at both the edges of the Blider, for applying it to 
both (be lines A and MO. These three lines are all of the 
same radius or distance from one to 10, each containing 
twice the length of the radiua. A and 6 are placed and 
numbered exactly alike, each beginning at 1, whict! may b* 
either 1, or 10, or 100, tec. or J, or .01, or .001, &c. but 
whatever it is, the middle division, 10, will be ten times ad 
much, and the last division 100 times as much. But I oa 
the line MD is opposite 21 5, or more ezactlv 2160.4 on tiba 
II* 
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other Uu^ which namber 2150.4 denotes the cubic inches 
in a nMtlt buahel; and ita divisions numbered retrograde to 
those of A and B. On these two lines are also several 
Mher marks end letters ; thus, on the line A are MB, for 
malt bushal, at the number 2150.4 ; and A for ale, at 
282, the cubic inches in an ale gallon ; and on the line B 
is W, for wine, at 231, the cubic inches in a wine gallon 
also, si, for square inscribed, at .707, the side of a squara 
insciibed in a circle whose diameter is 1 ; le, for squar* 
equal, at .886, the side of a square which is equal to tb« 
same circle; and c, for circunrference, at 3.1416, the cir 
eumference of the same circle. 

On the second face, or that opposite the £rst, are a slider 
and four lines, marked D, C, D, E, at one end, and root, 
square, root, cube, at the other ; the lines C and D contain- 
ing respectively the square and cubes of the opposite num- 
bers on the lines D, D ; the radius of D being double to that 
of A, B, C, and triple to that of E; so that whatever the 
first 1 on D denotes, the first on C is the square of it, and 
the first on K the cube of it ; so if D begin with 1, C and E 
will begin with 1 ; but if D begin with 10, G will begin 
with 100, and E with 1000; and so on. On the line C are 
jnarked oc at .079i, for the area of the circle, whose cir- 
cumference is 1 ; and od at .7854, for the area of the circle 
whose diameter is 1. Also on the line D, are WG, for 
wine gauge, at 17.15; AO for ale gauge, at 18.65; and' 
MR for malt round, at 52.32 ; these three being the gauge 
points for round and circular measure, and are found by 
dividing the square roots of 231, S82, and 2150.4 by tho 
square root of .7854 : also, MS, for malt square, are marked 
at 46.37, the malt gauge point for square measure, bein^ 
the square root of 2150.4. 

On the third face are three lines, one on a slider marked 
N; and-two on the stock, marked SS and SL, for segment 
■tandins and segment lying, which serve for ullaging stand- 
ing and lying casks. 

And on the fourth, or opposite face, are a scale of inches, 
and three other scales marked spheroid, or 1st variety, 2d 
variety, 3d variety ; the scale for the fourth or conic variety. 
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beinff on the inside of the slider in tbe third fae*. tlie um 
of these lines is to find the mean diameterB of rnrrfw 

Besides all those lines, there are two otbers nn the in- 
Bides of the first two sliders, being continued from the one 
slider to the other. The one of these is a ecaie of inches, 
from 12i to 36 ; and the other is a scale of ale gallons, be- 
tween the corresponding numbers 435 and 3.61 ; which 
form a table to show, in ale gallons, the contents of all 
cylinders whose diameters are from 12^ to 38 inches, their 
common altitude being 1 inch. 

T^e use of the Gauging Rule. 

PROBLEM L 

To muJiipilg two numberi, at 12 and 26. 

Set 1 on B, to either of the given numbers, as IS, on A - 
then agonal 85 on B, stands 300 on A; which is the pro* 
duct. 

PROBLEM n. 
To divide one numher by another, at 800 hy 26. 
Set I on B, to 25 on A ; then against SOO on A, standi 
13 on B for the quotient. 

PROBLEM m. 
To pid a fourth proportional, at to 8, 24, and 96. 
Set A on B, to 24 on A; then sgunst 96 on B, is 288 
on A, tbe 4th proportional to 8, 24, 96 required. 

PROBLEM IV. 
To extract the tquare root, at of 225. 
The first one on C standing opposite the one on D, on 
the stock ; then against 225 on C, stands its square root 
15 on D. 

PROBLEM V. 
To extract the cube root, at <f 3375. 



Tie line D on the slide being set stiaigbt with E ; <9P*- 
■its 3375 oa £ Btsitds Ita cube root 16 on D. 

PROBLEM VL 

To find a. mean proportional, <u between 4 and 9. 
Set 4 on C, to tbe same 4 on D ; then against on C, 
fUnds the mean proportional 6 on D. 

PROBLEM yu. 

To find numbers in duplicate proportion. 

Am, to find a taimber whieh shall be to 120, at the iqaare 
of ^to ike square of 2, 



PROBLEM Vm. 
To find nwnberi in tubdupUeate prc^ortion. , 

As, to find a twmber which shall be to 9 as the root ef 270 

to the root of 120. 

Set 3 on D, to 130 on C, then agunat 370 on C, standi 
8 OD D, for tbe aoawei. 

PROBLEM IX. 

To find the ■mmbers in triplxeate proportion. 

As, to find a nuittber which shall be to 100, at the cube ^ 
36 it to the cube of 40. 

Set 40 on D, to 100 on E ; then against 38 on D, standi 
73.9 on E, for the answer.. 

PROBLEM X. 

To find nasibers in si^triplicaie proportion. 

As, to find a number which shall he to 40, at the cube root 
1 of TS.9 ittoOu cube root of 100. 



Set 40 CO D, to 100 on £; then against 73.9 on E itiuidfl 
86 on D, foi the answer. 

PROBLEM XI. 
To eomputt malt htuhelt hi/ the line HQ. 

At, to find the malt hu»heU in the couch, fioor, or dttem, 
whote length is 230, breadth 68.2 and depth 5.4 incbtg. 

Set 230 on B, to 5.4 on AID; then against 58.2 on A, 
stands 33.6 bushels on B, for the answer. 

Note. — The uaea of the other marks on the rule, will ap- 
pear in the examples further on> 

OF TO£ OAOGtKG OR DIAeoITU XOD. 

The diagonal rod ia a square rule, having four faces; 
being commonly four feet long, and folding together by 
joints. This instrument ia used both for gauging and ineq- 
suring casks, and computing their contents, and that from 
one dimension only, namely, the diagonal of the cask, or 
the length from the middle of the bung-hole to the meeting 
of the head of the cask with the stave opposite to the bung ; 
being the longest straight line that can .be drawn within 
the cask from the middle of the bung. And, accordingly, 
on one face of the rule is a scale of inches for measuring 
this diagonal ; to which are placed the areas, in ale gallons, 
ot circles to the corresponding diameters, in like manner 
aa the lities on the under sides of the three slides in the 
■Kdiag rule. 

On the OFq>osite face, are two scales of ale and wine 
g^Ions, expreaaiog the contents of casks having the cor- 
responding diagonala. ' And these are the lines which 
chiefly form the difierence between this inBtrument and 
the sliding rule ; for all their other tinea &re the same, «nd 
are to bo used in the same manner. 



' The rod being applied within the cask at the bung-bole, 
the diagonal was found to be 34.4 inches; required th* 
eoDteat in gallons. 



,,Co()yk' 



34S flAreins. 

' Now to S4.4 inches coirc^HHid, c» the rod, 90} ala gal- 

loiu, or 111 wine gailona, the content required. 

Note. — The contents exhibited by the rod, answer to tba 
moat common fonn of cuka, and fall in between the 2d 
•nd 3d varietiea ibllowing. 

OF CASKS AS DIVIDED INTO VARHTIZB. 

It is UHUal to divide casks into four cases of varietieB, 
which are judged of from the greater or less apparent coiv 
T&ture of their sides; namely, 

1. The middle fruatrum of a spheroid, 

S. The middle fruatrum of a parabolic spindle, 

8. The two equal fruatrums of a paraboloid, 

4. The twQ equal fruBtnuna <3i a cone. 

And if the content of any of these be computed in inches; 

by their proper rules, and this be divided by 282, or 231, 

or 2160.4, the quotient will be the content in ale gslloni 

Of wine gallons, or malt bushels, respectively. Because 

282 cubic inches make 1 ale gallon. 

S31 - • - I wine gallon. 

2150.4 ... 1 malt basheL 

And the particular rule will be for each as in the follow- 
ing problema : 

raoBLEM xn. 

Tofindiheeoawaofaeaacofihffartt^irm. 
To the aquare of the head diameter add double tbe 
square of the bung diameter, and multiply the aum Iqr tlw 
length of the cask. Then let the product 

M multiplied by .0000^, or divided by 1077, fn al - 

gallons ; 
and multiplied by .0011}, or divided by 863 tor wins 
gallons. 



1. Required the content of a spheroidal cask, wbon 
kngth is 40, and budg and head diameten SS and 34- 
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64 
90 


1 


#w 


Wfcj 


1034 
2 




msm 


[J 


8048 
676 


104960 
.0009^ 


104980 
.OOUJ 


2624 
40 


044640 
26240 


11M660 
34987 



104960 ale 97.0880 gallona. 118.9547 wine. 

By the Cfauging Rule. 

Vxtiag Bet 40 on C, to the ale (fauge 32.83 on D. 
■gainst 

24 on D, staadB 21.3 on C, 

92 on D, stands 38.0 on C, 

the same 38.0 

sum 97.3 ale gallons. 

And baving set 40 on C, to the wine guige 2S.7 on D. 
■gainst 

24 on D, Btanda 26.1 on C, 

32 on D, stands 46^ on C, 

the same 46.5 

119.1 wine gallwis. 



Ex. 2. Beqnired the content of the spheroidal cask, 
■ 'WboM length is 20, and diameters 13 and 16 inches. 

. i 12.136 ale gallons, - 
*^( 14.969 wine gdknw. 



(..> 



PROBLEM Xm. 

To find Ike content of a ea»k of the aeamd fom. 
To the square of the head diameter, add double tha 
■quare of the hung diameter, and from the sum take } oi 
^ of the square of the diffeience of the diameters; then 
multiply the remainder by the length, mid the piioducl 
again hy .0009:^ for ale gallons, or by .001 1^ for wine 
^Uons. 

EXAMPLES. 

1. The iragth being 40, and diameten 34 and 32, !»• 
quired the content. 




e 2634.0 103936 103096 

8 25.6 .OOOOi .OOllf 

64 2598.4 935424 ~ 1143296 

4 40 25984 S464S 

S5.6 103936 ale 96.1406 gall. 117.9741 wi 



B^ the Gauging Rule. 

Having set 40 on C, to 32.83 on D, against 8 on D 
Stands 2.4 on C ; the -^ of which is 0.96. This taken from 
th« 97.9 in the last form, leaves 96.3 ale gftlloBs. 

And having set 40 on C, to 39.7 on D, agsinst BmD, 
Stands 3.9 on C ; the ^ of which is 1.16. This taken than 
the 119.1 in the last form, leaves 117.0 wine gallons. 



,''^Ek.fc fiSeqiAralthce«itaatwlita=tkBl«n|iiii4'aO,u>d 
tha diameters 12 and 18. - - 

. ( 12.018 ale galloM. 
■ I 14.724 tnne gaUoni. 

PBOBLEH XIT. 
TbptA flk emUid ffo eoA tf the tkifdfirm. 
" "Po the sqimra of tile bun^ diameter add tiie square of the 
bead diameter; multiply the sum by the length, and the 
froduct again by .0014 for ftle galloDS, or by .0017 foi 
wine gallons. 

KKA1IPI.ES. 

' li Soqnired tfie content of a cask of die third fbrni, 
when the length is 40, and the diameters 24 and 33. 




40 64 64 

«400D dU 89.6 JOS.S trine 

By the Qfoiging Aufe. 
!et 40'oa O, to 26.B on D ; then against 

S4 on D, stands 82.0 on C 
82 on D, stands 67.^ on C 

gum 89.3 ah gaJUuu. 
Ind bsTing set 40 on G, to 24.25 on D; then - 
against 24 oc D, stands 39.1 on C 
82 on D, standa 69.6 on C 

. sunt 106.9 triM go^oiu. 
X2 



. Ez> 3. Aeqidrad the content wben tba laD|tk is fiO^ 
and the diameters 12 and IS. 

. i lis ale gall4m. 

.PROBLEM XV. 

Tojbid tkt content of a eotk oftkefoierAfonii. 
. Add tbe equare of the difference of tiie diameters to three 
times the equaie of their awa; then multiply tbe Bum bf 
tbe length, and tbe pioduct a^ain by .00023^ foi ale gallon^ 
or by .00028^ for wine gallons. 

1. Required tbe ccmtent, wben tbe length ia 40, tuX Urn 
diameten 34 and 32 inches. 










378880 


arseeo 


93S 


e< 


.00023J 


.000281 


980 


M08 






_^ 





1196640 


3031040 


313S 


8472 


767760 


767760 


3 


40 


75776 


126283 



MOB 376880 ale 87.00016 goU. 107.34938« 

BY TKE SLIDmO BULB. 

Set 40 on C, to 65.64 on D ; then agunat 
8 on D, stands 0.6 on C 
06 on D, Btanda 29.1 on C 
29.1 
29.1 

«Mi 87.9 ale gaiteiu. 

,,-.«,=. Google^ 



And Ht 40 on C, to 59.41 on D; then againat 

8 OD D, stands 0.7 

IS on D, stands 86.6 

85.6 

35.6 

nun 107.5 iiiin£ gall. 
Ex. 2. What is the content of a conical cask, the length 
1>eing SO, and the bung .and head diameters 16 and 12 
inchest 

'. ( 10.985 ale galloiu. 
^' \ 18.418 mm gaOoai. 

PROBLEM XVI. 
To find the cmtertl i^a eaik by four dimentiont. 
Add bother the squares of the bung and head diameters, 
and the square of double the dianieter taken in the middle 
between the bung and head : then multiply the sum by the 
length of the caak, snd the product again by .0004} for ale 
gallons, or by .OOOSf for wine gallons. 

XXAMPLES. 

1. B«quired the content of any cask nhoae length is 40, 
ttas bung diameter being 38, the head diameter 24, and 
the nuddle dJametcT between the bung and the head 38} 
inchM- 

57.5 24 32 

57.5 34 32 

2875 96 64 



cCooi^lt^ 



196250 
.0005} 



ale 91.5S33 gallons. 1 11. 2 OSS' wine. 
BT TBB auama bulb. 
Set 40 on C, to 46.4 on D; then againat 
34 on D, stands 10.5 
33 on D, Btaada 19.0 
57i OS D, stands 63.0 

sum 91.6 alt gtBcaw. 
Set 40«n C, to 34.0 on D; then ag^oit 
24odD, standalS-O 
33 on D, stands 33.3 
57i OD D, stands T6.0 

snni 111.3 wine gallons. 
Ex. 3. What is the cmttent of a cask, wboae length is ISO, 
Qm bnng diameter being 16, the head dimoeter 12, and tb« 
diameter in the middle between them 14ft 

. ( 11.4479 ale gallons, 
^*" \ 13.9010 wine gallons. 

PROBLEM XVn. 
To find the emUnt of onjr t;cakfrom three dimennoM only 
Add into one sum 39 times the square of the bong di- 
ameter, 35 times the square of the bead diameter, and 
36 times the product of the two diameters : then multi- 
ply the sum hy the length, and the product again by 
.00034 .00034 

— g— for wine gallons, or by —r^ — or .00003^1^1 fi» «" 

gaUoos. 
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1. B«qutred (he content <^ a cask, whose length is 40, 
tod the bung and head diameters 3!l and S4. 



1024 
39 

9316 



40 

2972160 
.00034 


3972160 
.00008^ 

8916480 
270196 


11888640 
8916480 


e)1010Ji3440 


01.86678 >]« g.11. 



113.2816 wine galL 
Ex. 2. What is the Goot«it of « cwAi, whose length ii 
M, and the bxaag and bead diameters 16 and 121 

. ( 11.4833 a2e gallons. 
{ 14.0352 wine gallons. 

Pfote. — ^This is the most exact rule of any, for three di- 
MMMBS only ; and agreM aeu-ty with dw diagonal rod> 



OF THC ITI>I>ACn OF CASKS. 

Tbe ullage of s caek ia whtU it cuibuns when only paKlf 
£lJed. And it is coneidered in two positions, luunely, as 
standing on ita end with the axes perpendicular to the ho- 
rizon, or as lying on its aide with the axes parallel to the 
4iorizon. 

PROBLEM XVm. 
To find the idtage by the Sliding AttJe. 
By one of the preceding problems £nd the whole content 
<a the cask. Then aet the length on N, to 100 on SS, for 
a segment standing, or set the bung diameter on N, to 100 
on SL, for a segment lying ; then against the wet inches on 
N, ii a number on SS or SL, to be reserved. 

Nest, set 100 on B, to the reserved number on A; then 
against the whole content on B, will be found the ullage on' 



I. Required the ullage answering to 10 wet inches of a 
standing cask, the whole content of which is 98 gallons, 
and length 40 inches. 

Having set 40 on N, to 100 on SS ; then agtaoat 10 tn 
N, is S3 cm SS, the reserved number. 

Tlien set 100 on B, to 23 on A; and 

against 9S on B, is 21.2 on A, the ullage required. 

Ex. 2. What is the ullage of a standing cask, whose 
whole length is 20 inches, and content ll| gallons; the 
wet inches being S 1 Ans. 2.6S gaUi, 

Ex. S. The content of a cask being 92 gallons, and the 
bang diameter 32, required liie ullage of the segment lying 
when the wet inches are 8. Ans. lQ.\^ffali* ■ 

PROBLEM XIX. 
To vUage a Handing etulc hf the pen. 
Add all together, tbe sqoara of Ae diameter at tha war- 



SAttfinra. Ssl 

Ace of the liquor, the square of the diameter of the nearest 
end, and the square of double the diameter taken in the 
middle between the other two; then multiply tho sum by 
the length between the surface and nearest end, and th« 
product again by .0004| for ale gallons, or bj .0005| for 
wine gallons, in the less part of the ctak, whether empty or 
£lled. 



The three diameters being 24, 37, and 29 inchet, re- 
qnired the ullage for 10 wet inches. 



29 


54 


2916 








€41 


281 


216 


876 


68 


270 


_— ■■ 






433S 


841 


2916 


10 








43330 




4SS80 


.00041 




.0005]^ 



PROBLEM XX. 

To tiUage a lying cask by tke pen. 

Divide the wet inches by the bung diameter, find th« 
quotient in the column of versed sines, in the table of cir- 
cular aegments at page 231 of the book, taking out ita cor- 
responding segment. Tien multiply this segmuit by the 
whole content of the cask, and the product again by 1^ for 
the ullage required, nearly. 



c.Coo^lu 



Suf^XMUg the bung dumeter SS, and content OS sle gi 
Jons ; to Sad \ho ullage for 8 wet incbes. 

S3)8(.26, whoM tab. aeg. is .15S&49 



14.126333 
i ia 3.631658 



17.667790 Am. 



EXAHFLX II. 

Taking die Ungth of the esak 40, bun^ diameter 32, 
head diameter 34 ; and suppoBing the wet inchea to be 8. 
What ie the ullage I 

Ana. 16 ale gallona. 

Of Guaging Casks by their Mean Diameters. 

PROBLEM I. 

To find the Mean Diameter of a Cask of any of tfttfour 
varieties, having given the bung and head thametera. 

DiTisG the head diameter by the bnbg diameter, and find 
the quotient in the first column of the following table, 
marked Qu. Then if the bung diameter be multiplied by 
the number on the same line with it, and in the column an- 
fwering to the proper variety, the product will be the tme 
mean diameter, or the diameter of a cyUnder of the aame 
ooBiant with the eaik proposed, cutting off four figures iy 
deeioulfi. 
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1V„. 


sv„. 


3V«r. 


4V«. 


Hi 


IVu, 


2ya.. 


3V„, 


*v„. 


50 


B660 


8465 


7905 


7637 


78 


9270 


9227 


8881 


8827 


51 


8680 


8493 


793717681 


77 


9296 


9268 


8944 


8874 


52 


8700 


8520 


7970 


7726 


78 


9324 


9290 


8967 


8922 


53 


8720 


8548 


8002]7769 


79 


9352 


9320 


9011 


8970 


54 


8740 


8576 


8036i7813 


80 


9380 


9352 


9055 


9018 


55 


8760 


8605 


8070 


7858 


81 


9409 


9383 


9100 


9066 


56 


B781 


8633 


8104 


7902 


82 


9438 


94IS 


9144 


9114 


57 


8802 


8062 


8140 


7947 


83 


9467 


9446 


9189 


9163 


58 


8824 


8690 


8174 


7992 


84 


9496 


9478 


9234 


9211 


59 


8846 


8720 


S210 


8037 


86 


9526 


9510 


9280 


9260 


60 


8S60 


8748 


8246 


8082 


86 


955G 


9542 


9326 


9308 


Bl 


8892 


8777 


8282 


8128 


87 


9596 


9574 


9372 


9357 


62 


8915 


S806 


8320 


8173 


88 


9616 


9806 


9419 


9406 


63 


8938 


8835 


8357 


8220 


89 


9647 


0638 


9466 


9455 


64 


8flG2 


8865,8395 


8265 


90 


9078 


9671 


9513 


9504 


65 


8986 


8894 


8433 


8311 


91 


9710 


9703 


9560 


9553 


66 


9010 


8024 


8472 


8357 


92 


9740 


9736 


9608 


9002 


67 


9034 


8954 


8511 


8404 


93 


9772 


9768 


065ft 


9662 


68 


9060 


8983 


8551 


8450 


94 


9804 


9801 


9704 


0701 


69 


9084 


9013 


859( 


8497 


96 


9836 


9834 


9753 


9751 


ro 


9110 


9044 


8631 


8544 


fiQ 


9868 


9867 


9802 


9800 


n 


9136 


9074 




8590 


97 


9901 


99O0 


9851 


0850 


72 


9162 


9104 


8713 


8637 


98 


9933 


9933 


9900 


9900 


ra 


9188 


9136 


8764 


8685 


99 


9966 


9966 


9950 


9950 


74 


9216 


9166 




8732 


100 


10000 


10000 


10000 


10000 


75 


9243 


91 Q6 


e83t 


878C 













Supposing the diameters to be 82 and 24, it is required 

to find the mean diameter for each variety. 

Dividing 24 by 32, we obtain .75 ; which being found in 
the column of quotients, opposite thereto stand the numbers 
r.9242T which being each r29.5744"l for the correa- 
J .9196 I multiplied by 32,1 29.4272 1 ponding mean 
] .8838 fproduce reBpect-"! 28.2816 [diameters re- 
L.8780j ively \_28.0960J quired. 

12 



.^.onyl. 



Find the diflTerence between the bung and bead diame- 
ters on the fourth face of the rule, or inside of the thud 
■lider ; and opposite thereto is, for each variety, a numher 
te be added to the head diameter, for the mean diametei 
required. 

So, in the above example, against 8, the difference of tb« 
diameters, are found the numbers 

5'flO"! !,■ 1. K ■ fae.eOT for the respective mean di- 
*-^0 I *,^''7, '"/J 29.10lameters; all of which am 
4.68 rfu ill 28.36 rtoo great, except the second, 

4.12J ^''"' '""^' I SB.iaJ whi^ is too UtUe. 

So that thii method does not give the true mean diameter. 



PROBLEM II. 

Tojind ihe conlent of a cask by the mean diameter on tht 

Sliding Btile. 

Set the length on C, to the gauge point, 16.96 for ale, 

or 17.15 for wiue, on D; then against the mean diameter 

onD, is the content on C. 



If the bung diameter be 32, the head 24, and the length 
40 inches. 

Having found the mean diameters, as in the laat problem, 
and set 40 on C, to 16.95 or 17.16 on D, 
„ r29.67~l « r97.4~l riie-ST on C, as near as can 
SJ 29.43 I -J 98.5 K J 118.0 I be judged; which 
Bj'l 28.28 r^T 89.1 f*^ 108.8 fagree nearly with the 
* L28.I0J o L88.0J L107.3J contents computed in 
the preceding chapter. 



Having delivered the necessary rules for measuring 
casks, &c,, I do not suppose that any thing more of th« 
subject of gauging is wanted to be given in this book. For, 
u to cisterns, couches. Sic. tuns, coolers, £c. coppers. 



ass 

itillB. Sic. which are firat supposed to be in the form of 
*oine of the solids in the former parts of this work, and then 
measured ac(»rdingly, no person can be at a loss concern* 
ing them, who knows any thing of such solids in general i 
and to treat of them here would induce me to a long and 
tedious repetition only for the sake of pointing out the pro- 
per multipliers or divisors ; which is, I think, a reason very 
inadequate to bo cumbersome an increase of the book. 

I shall only jast observe, that when tnns, &c. of oval 
bases are to be gauged ; as those bases really measure 
more than true ellipses of the same length and breadth, 
they ought to be measured by the equi'distant ordinate 
method. 

And that when casks are met with which have different 
head diameters, they may be deemed incomplete casks, 
and their contents considered and measured as the ullage 
of a cask. 

TO FIND THE TONNAGE OF A SHIP. 

The length is taken in a straight line along the rabbet of 
the keel, from the back of the main stern-post to a perpen* 
dicular from the fore part of the main stem, under the bow 
Bpril, from which subtract | of the breads, the remainder 
is the length. The breadth is taken at the broadest part of 
the ship, from the outside to the outside. 

Rin.E. — Multiply the square of the breadth by the length, 
and divide the product by 1 BB, the quotient wiU be the ton- 
nage. 

Ex. !• Required the tonnage of a ship, of which the 
length is 75 feet, and the breadth 36 feet. 

^n». 2Qx26x75-=-188=270 tons, nearly. 

Ex. 2. Length 96, and breadth 33 feet ? ^na. 556 tons. 

Note. — This rule is very erroneous, and no other general 
rule can be given which is perfectly accurate ; the best way 
is to find the quantity of water displaced by the ship when 
she is loaded ; but aa this must be done by means of ordi- 
nates, the operation is laborious. It is easier to load her 
with ballast, weighing the load as it is put on board. 



t.oivslc: 



SH VALLtHO BOV1E9. 

The following rule is a near approximation for ships of 
harden. 

Take the len^ of the lower deck, from the rabbet of the 
stem lo that of the stem-post, and from it subtract ^^ of it, 
Tor the length. T»ke the extreme breadth from outside lo 
oulside, and add it to ttie length of the lower deck, ,^ of 
the sum ie ibe depth. Set up this depth fr«D the limber 
itrake, where the extreme breadth was taken, and at this 
height take a breadth from outside to outside, take another 
breadth at f of this height, and a third at i of the height, 
add these three to the extreme breadth, and i of the sum is 
the mean breadth. Multiply the length) breadth, and depth, 
snd divide three times the product by 110 for the tonnage. 



FALLING BODIES. 

The motion described by bodies freely descending by 
their own jpravity is, viz. — The velocities are as the times, 
and the spaces as the squares of the limes. Therefore, if 
the times be as the numbers .... 1 '3 3 4 &c. 
The velocities will be also as ... 1 2 3 4 &c. 
The apacee as their squares .... 1 4 9 16 &e. 
and the spaces for each time, as ..1357 Ac. 
namely, as the series of the odd numbers, which are the 
difierences of the squares, denoting the whole spaces ; so 
diat if the first series of numl>ers be aeoonds of time : 

i. e 1" a" 3" Ac. 

Velocities in feet will be . . . . 32^ 64i 961 &<:. 
Spaces in the whole time will be . 16^ 64^ 144| &r,. 
Spaces for each second will be , . ISj^ 48* 80/f&c. 
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ataeend of each W Kcaidt, 



Second.. 


SPACE. 


VELOCITY, 1 


Escl. 


„f£"li. 


Fillen 

Ihroiigh in 

Peel >n JineJi™. 


ifmBt 


Fe«t and 


nch». 


1 


~r 


1 


16 1 


~r 


32 


2 


2 


3 


4 


64 4 


2 


64 


4 


3 


B 


9 


144 9 


3 


96 


6 


4 


7 


■ 16 


357 4 


4 


128 


8 


6 


9 


2& 


402 1 


5 


160 


10 


6 


11 


36 


579 


6 


193 





7 


13 


49 


788 1 


7 


229 


2 


8 


15 


64 


1029 4 


8 


257 




9 


17 


81 


1302 9 


9 


289 




10 


19 


100 


1608 4 


10 


321 




11 


21 


121 


1946 1 


11 


353 


10 


12 


23 


144 


2316 


12 


386 




13 


2S 


169 


2718 1 


13 


418 




U 


27 


196 


3162 4 


14 


460 




16 


29 


229 


3018 9 


10 


462 




16 


31 


256 


4117 4 


16 


514 




17 


33 


289 


4648 1 


17 


546 


10 


18 


35 


324 


5211 


18 


679 




19 


37 


381 


5806 1 


19 


611 




20 


39 


400 


6433 4 


20 


643 





EXAMPLE I. 

To find the space descended by a body in 7" and the- 
Telocity acquired. 

16 1X49.E788 1 of space. 

32 2X7"=225 2 of velocity. 

Look into the table at 7" and you have the answera. 

EXAMPLE II, 

To find the time of generating a velocity of 100 feet pn 
•econd, and the whole space descended. 
10 X12 , , . 
32 2 Xl2=^ -m time- 



B"-^ X iOO 



vil66^ space deceended. 



., i-.CUx)^l(j 



EXAMptE IT. 

To find the time of descending 400 feet, and the velocity 
at the end of that lime. 



__169.662 velocity. 



Or these answers can be found from the Table by Pro- 
portion. 



PENDULUM. 

(The vibrations of pfendulnms are as the square roots of 
Iheir lengths; and as it has been found by many accurate 
experiments, that the pendulum vibrating seconds in the 
latitude of London, is 30i inches long nearly, the length 
of any other pendulum may be found by the following rule, 
viz. — Ab the number of vibrations given is to 60, so is the 
square root of the length of the pendulum that vibrates 
seconds, to the square root of the length of the pendulum 
that will oscillate the given number of vibrations ; or, as 
the square root of the length of the pendulum given, is to 
the square root of the length of the pendulum that vibrates 
seconds, so is 60 to the number of vibrationa of the given 
pendulum. 

Since the pendulum that vibrates seconds, or 60, is 39} 
inches long, the calculation is rendered simple ; for ^/SQi 
x60=i37S, a constant number, therefore 375, divided by 
the square root of the pendulum's length, gives the vibra- 
tions per minute, and divided by the vibrations per minnte, 
gives the square root of the length of the pendulum. 

XXAXPLIi I. 

How many vibrations will a pendulum of 40 inches loug 
make in a minute T 
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BXAMPLB II. 



What len^h of a pendulum will it require to mtko 90 
vibrations is a minute T 

876 

-^=4.16, Had 4.16' — 17.3058 inches long. 



What ia the length of a pendulum, whose fibrationa will 
be the game number aa the inches in its length T 
^'(376)' =52 inches long, and 62 vibrations. 
It is proposed to determine the length of a pendulum 
vibrating seconds, in the latitude of Ixindon, where a heavy 
body falls throagh 16^ feet in the firat second of time 1 
3.1416 citcumference, the diameter being 1, > 
16^ feet— 193 inches fall in the I" of time. 5 
193 x2— 386.00000000 

3.1416'= fl.soQesoBe "^"-"^ "'•='««• 

or 39.11 inches. 

By experiment this length is found to be S9i inches. 

What is the length of a pendulum vibrating in Z seeonda, 
and another in half a second T 

v'39i»6.20x60— S7S. 
375 
-^EslZ.S squared a 166.25 inches the length of a 3 m- 

[|conda' pendulmn. 

1^*33.125 squared— 9.766625 inches the length of a i 
Mcond'a pendulum. 



MECHANICAL POWERS, &c. 

The Science of M^ch^ics is simply the application of 
Weight and Power, or Force and Resistance. The weight 
is tt^ resistance to he overcome ; the power is the force 
requisite to overcome that resistance. When the foroc 
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is equal to the resistance, they are in a stale of equilibrium, 
and no motion can lake place ; but when the force becomes 
neater than the resistance, they are not in a state of equi- 
librium, and TQotion takes place ; consequently, the greater 
Ibe force is to the resistance, the greater ia the motion or 

The Science of Equilibrium ia called Slatics; the Scl* 
ence of Motion is called Dynamics. 

Mechanical Powers sre the most simple of mechanical 
applications to increase force and overcome resistance. 
They are usually accounted six in number, via. 7^e Lever 
—The Wheel and Axle—The PuUey—The Inclined Plant 
—The Wedge — and the Screw, 

LEVER. 

To make the principle easily understood, we must sup- 
pose the lever an inflexible rod without weight; when ihia 
18 done, the rule to find the equilibrium between the power 
and the weight, is, — Multiply the weight by its distance 
from the fulcrum, prop, or centre of motion, and the power 
by its distance from the same point : if the products are 
equal, the weight and power aie in equibbrio, if not, they 
are to each other as their products. 

KZAKPLE I. 

A weight of 100 lbs. on one end of a lever, is 6 inches 
from the prop, and the weight of 20 lbs. at the other end, 
is 36 inches from the prop^What additional weight mnat 
be added to the 30 lbs. to make it balance the 100 Iba. ! 

100x6 

— ^g— =31— S0=4 lbs. weight to be added. 

EXAMPLE II. 

& block of 900 lbs. is to be lifted by a lever 30 feet long, 
and the power to be apphed is 60 Ibs.^-on what part of the 
lever must the fulcrum be placed ? 

960 

■g^ —16, thai is, the weight is to the power as 16ia 

= ly7, the distanca 
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from the block, and 30 — l-^=Z8yiT, the dislance firom ihs 
power. 

EXAMPLE ID. 

A beam 82 feet Ions, and supported at both enda, bears a 
weight of 8 tons, 13 feet from one end, — What proportion 
of weight does each of the supports heart 

— gg— --Sj tons, support at end failbeat from tha 

weight. 

— — — =3| tons, support at end nearest the weight. 



A beam supported at both ends, and 16 feet long, carries 
■ weight of 6 ions, 3 feet from one end, and another weight 
of 4 tons, 2 feel from the other end. What proportion of 
weight does each of the supports bear ? 

__ — j — __= =4^ tons, end at the 4 tons. 



WHEEL AND AXLE. 
. The nature of this machine is suggested by ils name. 
To it maj'be refened all turning or wheel machines of dif- 
ferent radii : as well-rollers and handles, cranes, capstans, 
windlasses, &c. 

The mechanical property ia the same as in the lerer i 
that is, the product of the weight into the distance at which 
it acts is equal to the product of the power into the distance 
St which it acts, the distances being estimated in directions 
perpendicular to those in which the weight and power act 
respectively, because the wheel and axle is only a kind of 
perpetual lever. 

And hence also this property: T^e product of the power 
applied, multiplied by its velocity, is equal to that of tht 
weight to be raised into its veloei/y. 

When a series of wheels and axles act upon each other, 
13* 
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80 as to transmit and accumulate a mechanical advaata^, 
whether the communication be by means of cords and belta, 
or of teeth and pinions, the weight will be to tke power, as 
the continual product of the radii of the wheds to the con- 
tinual product of the radii of the axles. 

Thus, if the radii of the aslea a, b, c, d, e, he each 3 
inches, while the radii of the wheels A, B, C, P, E, be 9, 
6, 9, 10 and 12 inches respectively: then W : P :; x 6 
-X9 X 10 Xl2 : 3 X3 X3 X3X3, oriia240:l. A com- 
pntation, however, in which the effect of friction is disre- 
garded. 

A train of wheels and pinions may also serve for the 
augmentation of velocities. Thus, in the preceding exam- 
pie, whatever motion be given to the circumference of iho 
axle e, the rim of the wheel A will move 240 times as fast. 

And if a series of 6 wheels and axles, each having their 
diameters in the ratio of 10 to 1, were employed to acco- 
mulate velocity, the produced would be to the producing 
Telocity as 10« to 1 ; that is, as 1,000,000 to 1. 

Jfote. — A man's power producing the greatest effect, is 
SI lbs. at a velocity of 2 feet per second, or 120 feet per 
minute. 

TTie Huh to find the power of Cranes ii, viz. 

Divide the product of the driven by the product of the 
drivers, and the quotient is the relative velocity, as 1 : v, 
which multiplied by the length of winch, and by the power 
applied (in Iba.) and divided by the radius of the barrel, th* 
quotient will be the weight raised. 



A weight of 94 tons is to be raised 360 feet in IS 
minutes, by a power, the velocity of which is 220 feet per 
minute ; — What is the power required ? 



-—=24 feet per minute, velocity of Weight, 
e^ 



24x94=3356 ,„„^,,,, . . 

■ — ^^s=10.2645 tens power required. 



EXAMPLE II. 



A Btone weiglitng 986 lbs. is required to be Itded : what 
power mast be applied, when the power ie to the weight aa 
-OisloS! 

980x2 18T3 „,„, , 

— - — =— — =219f tons power. 



EXAMPLE III. 

A power of 18 lbs. ie applied to the winch of a crane, 
the length of which is 8 inches; the pinion makes 12 
revolutioDS for 1 of the wheel, and the barrel ia 6 inches 
diameter. 

^60.28 circumference of the winch's circle. 

7- 
60.38 X 13=003.36 inchea velocity of power on winch 
to 1 revolution of the barrel. 

603.36 X 18=10860.48 ^^, „„^ ,, . .. 

" »6?1.604 Iba. weight, 

1^=18.857 . . 19. 

that can be raiaed hf a power of 18 lbs. on this crane. 

PULLEY. 

. There are two binds of polleys, fhejixed and the move- 
tAle. From the fixed pulley no power ia derived ; it ia as 
k common beam used in weighing goods, having the two 
ends of equal weight, and at the same distance from the 
centre of motion; the only advantage gained by the fixed 
pulley, ia in changing the direction of the power. 

From the moveable pulley power is gained ; it operates 
as a lever of the aecond order ; for if one end of a string 
be fixed to ai\ immoveable stud, and the other end to a 
moveable power, the atring doubled and the ends parallel, 
the pulley that hangs between is a lever ; the fixed end of 
the string being the fulcrum, and the other the moveable 
end of the lever : hence ^e power is double the distance 
from the fulcrum, than ia the weight hung at the pulley ; 
and therefore the power ia to the weight as 2 is to 1. This 
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u all ihe advantage gained by one moTe&ble palley ; for two, 
.wice the advantage ; for three, thrice the advantage ; and 
so oa for every additional moveable pulley. 

From this the following rule is derived :— Divide tha 
weight lo be raised by twice the number of moveable pnl- 
leys, and the quotient is the power required to raise the 
weight. 

XZAMPLE I. 

What power is requisite to lift 100 lbs. when two blockst 
of three pulleys or sikeives each, are applied, the one block 
moveable and the other fixed T 

-— =16f lbs. the power required, 3 Bheires x 2=6. 

EXAMPLE II. 

What weight will a power of 80 lbs. lift, when applied 
to a 4 and 5 shelved block, and tackle, the 4 sheived block 
being moveable T 

80 X 8 = 640 lbs. weight raised. 

INCLINED PLANE. 

When a body is drawn up a vertical plane, the whole 
weight of the body is sustained by Ihe power that draws or 
Uns it up : hence the power is equal to the weight. 

When a body is drawn along an horizontal (truly level) 
plane, it takes no power to draw it, (save the friction occa- 
sioned by the rubbing along the plane.) 

From these tno hypotheses, if a body is drawn up an 
inclined plane, the power required to raise it is as the incli- 
nation of the plane ; and hence when the power acts parallel 
to the plane, the length of the plane ia lo the weight, as the 
height of the plane is lo the power; for the greater the 
angle, Ihe greater the height. 

EXAMPLE t. 

What power is requisite to move a weight of 100 lbs. up 
. an incUned plane, 6 feet long and 4 feet high T 
If 6 : 4 :: 100 : 6«| lbs. power. 



wOdbt and screw 



A power of B8 lbs. at the rata of 200 feet per minute, u 
applied to pull a weight up an inclined plane, at the rale of 
50 feet per minute — When the plane ii 37 feet long and 12 
feet high, how much will be the weight drawn T 
Aa 12 : 37 :: 66 X 200 : 50 X 838^ 

68 X 200 X 87 503300 „„„, „ . . . 

— T^: — ^^ = — ;:^— ™ 936t Iba. weight 

12 X 50 600 ' ^ 



WEDGE. 

The wedge ia a double inclined plane, and therefore inl^ 
ject to the same rules ; or the following rule, which u pai^ 
ticularlj for the wedge, but drawn from ita near connection 
to the inclined plane, is, — If the power acts perpendicularly 
upon the head of the wedge, the power ia to the piessuro 
which it exerts perpendicularly on each side of the wedge, 
as the head of the wedge is to its side : hence, it is evident, 
thai the sharper or thinner the wedge is, the greater will be 
the power. 

But the power of the wedee being not directly according 
to its length and thickness, nut to tiie length and width of 
Ihe split or rifi in the wood to be deft, the rule therefore is 
of little ose in practice; besides, the wedge is very seldom 
used as a power ; for these reasons, the nature of its pT»- 
perties and effects need not be here discussed. 



SCREW. 

The screw is a cord wound in a spiral direction ronntl 
the periphery of a cylinder, and is therefore an inclined 
plane, the length being the circumference of the cylinder, 
and the height, the distance between two consecutiTe 
cords or threads of the screw, hence, the rule is derived ; 
—As the circumference of the screw is to the pitch, or 
distance between the threads, so is the weight to ths 
power. 

When the screw turns, the cord or thread nma in a con- 
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tinned ascending line round the centre of the cylinder, and 
the greater the radius of the cylinder, the greater wUl be 
the length of the plane to its height, consequently, the 
{Tester the power. A leTer filed to the end of the screw 
will act ss one of the second order, and the power guned 
will be as its length, to the radius of the eylinder ; or the 
circnmrerence of the circle deicribed by it, to Ae cneom- 
ference of the cylinder ; hence, an addition to tbe rule is 
produced, which is, — If a lever ia ased, the ciTcnrnferencs 
of the lever ia taken for, or instead of, the c' 
of the screw. 



' What is the power requisite to raise a weif^ht of 8000 
lbs. by a screw of 12 inches circumference and I inch 
pitch T 

As 12 : 1 :: 8000 : 606,^ lbs. = power at the cininai- 
ference of the screw. 

EXAMPLE n. 

How much would be the power if a lever of 30 inches 
vere applied to the screw T 

Circumference of 30 inches b 188f. 

As 18Sf : 1 :: 8000 : ii^^% lbs. — power with a Isrev 
of 80 inches long. 



VELOCITY OF WHEELS. 

Wheels are for conveying motion to the different parte 
of a machine, at the same, or at a greater or less velocity, 
as may be required. When two wheels are in motion, their 
teeth act on one another alternately, and consequently, if 
one of these wheels has 40 teeth, and the other 20 teelb, 
(he one with 20 wilt turn twice npon its axis for one rera]ii- 
tion of the wheel with 40 teeth. From this the rale in 
-taken, which is,— 'As the velocity required is to the nnm- 
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VELOCITY or WHEELS. SO? 

ber of teeth in the driver, so is the velocity ot the driver to 
the number of teeth in the driven. 

Nole. — To find the ptoporlioa that the velocities of the 
vheels in a train should bear to one aaolheri subtract the 
■less vdociiy Awm the ^ater, and divide the remainder 
by the number of one less than the wheels in the train ; 
the quotient will be the number rising in arithmetical pro- 
gression, from the least to the greatest velocity of the train 
of wheels. 



What ia the number of teeth in each of three wheels to 
produce 17 revolutions per minute, the driver having 107 
teeth) and making three revolntions per minute! 

jj , -x-™'. therefore 3 10 IT are the velocities of 

the three wheels. 

107X3 
r 10 : 107 : : 3 : 32= —32 teeth. 



L 17: 38:: 10: 19= 



What is the number of teeth in each of 7 wheels, to pro- 
duce one revolution per minute, the driver having 25 teethi 
and making 56 revolutions per minute t 

*!^J^^-=9, therefore 66 46 37 28 19 10 1. are the 

progressional velocities. 



28 



73 . 



1370 

It will be observed that the last wheel, in the foregoing 
example, is of a size too great for application ; to obviate 
thi> difficulty, which frequently arises in this kind of train- 
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ing, wheela and pinions are need, vhieli give a groat com- 
mand of velocity.— Suppose the velocities of last example* 
and the train only of 2 wheels and 3 pinions. 

""—sis, therefore 66 19 1, are the progra*- 

sional velocities. 

10 : 25 : : 56 : 74 K teeth in the wheel driven by the 
first driver, and 1 : 10 : : 19 : 190 = teeth, in the second 
driven wheel, 10 teeth being in the driving pinion. 

26 drivers 74 driren. 

10 190 



STEAM ENGINE. 

BoiLESB— are of various forms, but the most general ii 
proportioned as follows, viz. width 1, depth 1.1, length 3.5; 
their capacity being, for the most part, two horse more than 
the power of the engine for which they are intended. 

Boullon and Watt al]<\w 26 cubic feet of space for each 
hoise power; some of the other engineers allow 6 feet of 
surface of walet. 

Stbam^ arising from water at the boiling point, is eqoai 
U) the pressure of the atmosphere, which is, in round nnio- 
bers, 16 lbs. on the square inch ; but to allow for a constant 
and uniform supply of steam to the engine, the safety valve 
of the boiler is loaded with three lbs. on each square inch. 

The following table exhibits the expansive force of steam, 
expressing the degrees of heat at each lb. of pressure on the 
safety valve. 
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Beg™ of 


Lbkor 


"^'S^"' 


IhB.al 
P«More, 


Domewof 


Lba-Df 
Frenun 


212° 





268° 


34 


298° 


48 


216 




270 


35 


399 


49 


SIS 




271 


26 


800 


60 


322 




273 


27 


301 ■ 


61 


32B 




274 


28 


302 


52 


229 




275 


39 


303 


53 


232 




277 


80 


804 


54 


334 




278 


81 


805 


95 


29B 




279 


32 


806 


S6 


239 




281 


33 


307 


87 


241 




282 


34 


308 


68 


244 




288 


86 


809 


59 


340 




288 


36 


310 


60 


248 




286 


37 


311 


61 


2iS0 




287 


38 


312 


63 


262 




288 


39 


813 


63 


264 




289 


40 


813i 


64 


266 




290 


41 


814 


66 


268 




291 


42 


315 


66 


SBO 




293 


43 


316 


67 


361 




294 


44 


317 


68 


263 




296 


46 


318 


69 


266 


22 


206 


46 


819 


70 


267 


23 


297 


47 


330 


71 



By the following rule the qaantity of eteatn required to* 
' nise a given quantity of water to any given temperature ia 
iouud. 

RiTLB.— Multiply the water to be warmed by the differ* 
enoe of temperature between the cold water and that to 
which it ia to be raised, for a dividend, then to the tempe- 
latuie of the steam add 900 degrees, and from that sum 
take the required temperature of the water : this last re- 
mainder being made a divisor to the above dividend, the 
qnotient will be the quantity of steam in the same terms as 
die water. 
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What quantity of steam at 312° will raise 100 gallons of 
water of 80° up toaiS"? 

2ir— 60° X 100 ,„ ,, , , - J- . . 

812° +900°— 218 ° ''^e^"'" of wa*«r ^naed intotteun. 

Now steam, at the temperature of 2I2°i is 1800 times it* 
faolk in water ; or 1 cubic foot of steam, when its elasticity 
ii equal to 30 inches of mercury, contains 1 cubic ineh of 
water. Therefore, 17 gallons of water converted into steam > 
tkccupies a space of 4090J cubic feet, having a pressure of 
IS lbs. on the square inch. 

In boilingby steam, using a jacket instead of blowing thfl 
■team into tbe water, about 10. S square feet of surface ara 
allowed for each horse capacity of boiler; that is, a 14 
horse boiler will boil water in a pan set in a jacket, ezpo»- 
ing a nrface of 10.SxI4i=I47 square feet. 

HoKSE PowKR.^Bonlton and Watt suppose a horse Mm 
to raise SZ,000 lbs. avoirdupois 1 foot hi^ in a minute. 
Desagnliers makes it 27,600 lbs. 
SmeatoD do. 22,016 do. 

It is common in calcolating the power of eneines, to snp« 
pose a horse to draw 200 lbs. at the rate of 2i miles in tn 
hour, or 220 fleet per minute, with a continuance, drawing 
the weight over a pulley — now, 200 x 220 — 44000, i. e. 
44000 lbs. at 1 foot per minute, or 1 lb. at 44000 feet per* 
minute. In the following table 32,000 is used. 

One horse power is equal to raise —— gallons or - 
' I feet high 



lbs feet high per minute. 
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Faethlfh 


AlB 


Lis 


FeM h^h 


ils 


Ll». 


wrlC^Su. 


(Mk«». 


AToiidupalK 


ptiMioiua 


GlLoDl 


ATOIrdupolB. 


1 


31S3 


S2000 


20 


156 


1600 


2 


156U 


16000 


26 


125 


1280 




1041 


10666 


30 


104 


1066 




780 


8000 


36 


89 


914 




624 


6400 


40 


78 


800 




S20 


6333 


46 


69 


71! 




446 


4571 


50 


62 


640 




300 


4000 


66 


66 


682 




347 


3565 


60 


52 


633 




312 


3200 


65 


48 


402 




284 


2909 


70 


44 


457 




260 


2666 


76 


41 


426 




240 


2461 


60 


39 


400 




223 


2286 


86 


37 


376 




208 


2133 


90 


34 


365 




196 


2000 


95 


33 


337 




183 


1882 


100 


31 


320 




173 


1777 


110 


28 


291 




164 


1684 


120 


20 


267 



Lenqtb 0¥ Stroke. — The stroke of an engine is equal 
to one revolution of the crank shaft, therefore double the 
length of the cylisder. When stating the length of stroke, 
the length of cylinder is only given, Ihat is, an engine with 
a 3 feet stroke, has its cylinder 3 feet long, besides an 
allowance for the piston. 

The following table shows the length of stroke, (or 
length of cylinder,) and the number of feet the piston 
travels in a minute, according to the number of stroluB the 
engine makes when working at a maximum. 

When calculating the power of engines, the feet pei 
minute are generaUy taken at 220. 
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Length 


Number 


Feet 




of 






Btrokee. 




Feet 2 


43 


172 


. . 3 


32 


192 






4 


25 


200 






ft 


2t 


210 






n 


19 


228 






7 


17 


238 






H 


15 


240 






« 


14 


250 



Cti.inder.-~- When an engine in good order is perform- 
ing its regular work, the efiectire pressure may be taken at 
8 Ibfl. on each square inch of the surface of the piston. 

To calculate the power of an Engine. 

RuLB 1. — Multiply the area of cylinder by the efibctiTe 
pres8ure=say 8 lbs. the product is the weight the engine 
can raise. Multiply this weight by the number of feet th« 
piston'travele in one minute, which will give the .moment 
turn, or weight, the engine can lift 1 foot high per minute; 
divide this momentum by a horse power, as previously 
stated, and the quotient will be the number of horse power 
the engine is equal to do. 

Rule 2. — 25 inches of the area of cylinder is equal to 
one horse power, the velocity of the engine being con- 
stantly 220 feet per minute. 



What is the power of an engine, the cylinder being ti 
inches diameter, and stroke 9 feiet ? 

42« X .7854 X 10 X 210 ^„ ,„ , 

-—J --66.12 horse power 



What size of cylinder will a 60 horse power engine 
require, when the stroke is 6 feet 1 

44000x60 ,,„„., , ,- J 

— ^^ — r--=«1158 inches area of cylinder. 
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JVbte,— To find the power lo lift a weight at any vela* 
city, multiply the weight in Iba. by the velocity in feet, and 
divide by the horae power; the quotient will be the num- 
ber of horae power required. 



WhemhB eff-ecl- 


=.-ap; 


63 Iba. 


3.7 inches. 


48 — 


4.17 — 


48 — 


4.6S — 


38 — 


6.26 ~ 


83 — 


6.06 — 


88 — 


7.14 — 


23 — 


8.7 — 


18 — 


11.11 — 


13 — 


15.46 -^ 


8 -_ 


25. — 



NozLES.— The diameter of (he valves of nozles ought to 
be fully one-fifth of the diameter of the cylinder. 

AiR-PnHP. — The solid contents of the air-pump is equal 
to the fourth of the solid contents of cylinder, or when the 
air^ump is hdf the length of the stroke of the engine, ita 
area is equal lo half the a.rea of the cylinder. 

GoNDBNssB — is generally equal in capacity to the wr» 
pump ; but when convenient, it ought to be more ; for 
when large, there is a greater space of vacuum, and the 
iteam is sooner condensed. 

Cold Watee Pump.— "flie capacity of the cold waier 
pump depends on the temperature of tlie water. Many 
engines return their water, which cannot be so cold as 
water newly drawn from a river, well, .fcc. ; but whet 
water is at the common temperature, each horse power 
requires nearly 7s gallons per minute. Taking this quan- 
tity as a standard, tlie size of the pump is easily found by 
the following rule, viz. — Multiply the number of horse 
power by 7^ gallons, and divide by the number of strokes 
per minnte; thie will give the quantity of water to be 
raised each stroke of pump. Multiply this quantity by 231, 
(the number of cubic inches in a gallon,) and divide by 
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What diametei of pump is requisite for a 20 hone power 
Bteam engine having a 3 feel stroke, the effectife sHoke of 
pump to be 15 inches* 

-— - =4.6870 galloDS the pump lifts each ■Ut>ke. 



4.6875x2 31 
16 



=T3.IB7& iochea area of pump. 



Hot Water PrMP.— The quantity of water raised at 
each stroke ought to be equal in bulk to the 900th part of 
the capacity of the cylinder. 

Proportions. — The length of stroke bBing 1, the length 
of heam to centre will be 2, the length of crank .6, and th« 
length of connecting rod 3. 

The following table shows the force which the connect 
ing rod has to tnm round the crank at different parts of (he 
motion. 



r Cil. C. EflectiTo length of the heitt npoa 
Hhlch [he connecting Bod aels, Iha 
whole Crank being 1. 



A 


B 


C 


D 


.0 


180° 


.0 


.0 


.05 


161i 


.46 


.138 


.10 


141 


.63 


.158 


.15 


131J 






.2 


123i 


.830 


.871 


.S5 


117i 


.892 


.306 


.8 


llOJ 


.94 


.343 


M 


104 


.976 


.377 




S7i 


.986 


.41 


'a6 


91j 




.441 


.5 


85i 


1. 


.473 


.55 


80 


.986 


.507 


.6 




.956 


.538 


.6G 


69 


.93 


.673 


.7 


62J 


.88 


.607 


.75 


67i 




.648 


.S 


49 


.746 


.68 


.85 


42 


.66 


.733 


.9 


34 




.778 


.96 


381 




.94 


iJt 
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Ctl. C. nlw ahowi the force wUch u com- 
municated to the Fly-wheel, niiiiiiw 
ed in dedmtli, the fbroe of the FieUii 
beutgl. 
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Flt Whxei^— la used to regulate the motion of the 
engine, and lo bring the crank past its centrei. The rule 
for finding ita weight is, — Multiply the number of hones' 
power of the engine by 2000, and divide by the squiire of 
the velocity of ^e circumference of the wheel per second : 
the quotient will be the weight in cwts. 



Required the weight of a fly-wheel proper for an engine 
of 20 horse power, 18 feet diameter, and making 22 revo- 
lutiooB per minute I 

18 feet diameter = 63 feet circumference, X 22 revolu- 
tions per minute = 1232 feet, motion per minute -j- 80 sa 
20} feet motion per second ; then 20^^ = 430^ the divisor. 

20 horse power x 2000 sx 40000 dividend. 

■ ■ ^90.4 cwt, weight of wheel. 

Parallel Motion. — ^The radius and parallel bars are of 
the same dimeniiona ; their length being generally 1.4 of 
the length of the beam between the two glands, or one half 
of the distance between the fulcrum and gland. Both pairs 
of straps are the same length between the centres, and which 
is generally three inches leas ^an the half of the length of 

Governor «r Dduble PENDULtm. — If the revolntions be 
the aame, whatever be the length of the arms, the balls will 
revolve in the same plane, and the distance of that plane 
from the point of suspension is equal to the length of a pen- 
dnlnm, the vibrations of which will be double the revolutions 
of the balls. For example : suppose the distance between 
the point of suspension and plane of revolution be 30 inches, 
the vibrations that a pendulum of 36 inches will make per 

375 63 

minute is, ■= —63 vibrations, and — = 31 revolutions 

per minute the balls ought to make. 
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ST6 WATBS WHEEL. 

WATER WHEEL. 
Water. [Hydrottatict.) 

Bydrostalici ia the acience which treats of the pressure, 
or weight, and equilibrium of vater and other lluids, espe- 
cially those that are non-elastic. 

Note 1. — The pressure of water at any depth, is as its 
depth ; for the pressure is as the weight, and the weight ia 
as the height. 

Note 2. — The pressure of water on a surface any how 
immersed in it, either perpendicular, horizontal, or oblique, 
is equ^ to the weight of a column of water, the base being 
equal to the surface pressed, and the altitude equal to thn 
'deptii of the centre of gravity, of the surface pressed, belov 
^e top or surface of the fluid. 

PROBLEM I. 

In a vessel filled with water, the sides of which are 
upright and parallel to each other, having the top of the 
vame dimensions as Uie bottom, the pressure exerted 
against the bottom will be equal lo the area of the botloni 
multiplied by the depth of water. 

EXAMPLE. 

k. vessel 3 feel square and 7 feet deep is filled with water ; 
what pressure does the bottom support T 

— Z — JL =3937s Iba. Avoirdupois. 

PROBLEM II. 

A side of any vessel sustains a pressure equal to the area 
of the side multiplied by half the depth, therefore the sides 
and bottom of a cubical vessel sustain a pressnre equal to 
three times the weight of water in a reasel. 

EXAKPLE I. 

The gate of a sluice is 12 feet deep and 20 feet broad; 
what is the pressure of water against it F 
80x12x6x1000 _„„„ _,„, ^ 
— =90000=40| tons nearly. 

From Note 2d. — The pressure exerted upon the side of 
a vessel, of whatever shape it may be, is as the area of tha 
■tdtt and centre of jjravity below the surface of water. 
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What presmre wiQ a board rattain, plaeed diafcraaDr 
through a Teaael, the side of which is 9 feet deep, ana 
bottom 18 fe et bf 9 feet T 

v^l2*+9>-il5feet, the length of diagonal board. 
18x8x41x1000 ,„„.„,, , 

— • — z:S79691bs. nearly. 

ThoDgh the diagonal board biiects the veisel, yet it ana- 
tains more than half of the preMore in the bottom, for tb« 
area of bottom ia 12x9, and the half of the pressuie is i 
of 60780=80376. 

The bottom of n conical or pjnamidical Teasel snstuna m 
pressure ei^nal lo the area of the bottom and depth of water* 
consequently, the excess of pressure is three timea th* 
weight of water in the Tessel. 

Water (StfdrauUet.) 

Hydrftulics is that science vfaich treats of flnids con- 
sidered as in motion ; it therefore embraces the phenomena 
exhibited by water issuing from orifices in reaerroin, pro- 
jected obliquely, or perpendicnlariy, in jeti^eau, moving 
la pipes, canals, and rivers, oscitlatiog in waves, or oppos- 
ing a resistance to the progress of solid bodies. 

It would be needless here to go into the minnliie of hy- 
draulics, particularly when the theory and practice do not 
agree. It ia only the general laws, deduced from experi' 
ment, diat can be safely employed in the various operations 
of hydraulic architecture. 

Mr. Banks, in his Treatise on Mills, after enumerating a 
number of experiments on the velocity of flowing water, by 
several philosophers, as well as his own, takes from thence 
the following simple rule, which is as ueax the truth as any 
that have been stated by other experimentalists. 

RuLK. — Measure the depth (of the veaeel, &c.J in feet, 
extract the square root of that depth, and multiply it by 6.4, 
which gives the velocity in feet per second ; this multiplied 
bj the area of the orifice ia fee^ gives the number of cubic 
feet which flows out in one secnia. 
13 
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Let a ilaice be tO feet bdow the soiface of the water, Ha 
length 4 feet, and open 7 inches ; required th« quantity of 
water expended in one second ? 

v'10=3.16ax5.4=17.0748 feet Telocity. 

-j^=2i feetx 17.0748=39.84 cnbic feet of water per 

second. 

- If the area of the orifice is great compared with the head, 
take the medium depth, and two-thirds of the velocity from 
that depth, for the velocity. 

EXAMPLE. 

Given the perpendicular depth of the orifice 2 feet, ito 
horizontal length 4 feet, and its top 1 foot below the sur^ 
face of water. To fiDil the quantity discharged in one . 
second: 

The medium depth is =I.6x6.4=8.10 f of 8.10—5.40, 
and 6.40X9=43.20 cubic feet.* 

The quantity of water discharged through sUts, or notches, 
cut in the Bide of a vessel or dam, and open at the top, will 
be found by multiplying the velocity at the bottom by tbs 
depth, sad taking f of the product for the area; which agun 
multiplied by the breadth of the alitor notch, gives the qua^ 
tity of cubic feet discharged in a given time. 

ESAXPLE. 

Let the depth be 5 inches, and the breadth 6 inches; re- 
quired the quantity run out in 46 seconds ? 
The depth is .4166 of h foot. 
The breadth is .5 of a foot. 

^.4166=.6445 x 5.4 X §=2.833Bx.4166=.86825X.S 
E=.48412 feet per second. 

Then .48412x46=222.69 cubic feet in 46 seconds. 

There are two kinds of water wheels. Undershot and 
Overshot. Undershot, when the water strikes the wheel 
at, or below the centre. Overshot when the water falU 
upon the wheel above the centre. 

« in thw exnii^ but wImb 
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The effect jwxinced by an VHderthot wheel, is from the 
irapetDB of the water. The effect produced by an ovtrghat 
wheel, ii from the gravity or weight of the water. 

Of im undershot wheel, the power is to the effect as 3 : 1. 
or an overshot wheel, the power is to the effect as 3 : 2 — 
which is double the effect of an undershot wheel. 
. The velocity at a maximum is=3 feet in one seco^d. 

Since the effect of the overshot is double that of the mi- 
^rshot, it follows that the higher the wheel is in proportios 
to the whole descent, the greater will be the effect. 

The maximum load for an overshot wheel is that which 
reduces the circumference of the wheel to its proper velo- 
city,=3 feet in one second; and this will be known by di- 
viding the effect it ought to produce iu a given time, by the 
space intended to be described by the circumference of the 
wheel in the same time ; the quotient will be the reBistanc« 
overcome at the circumference of the wheel, and is equal to 
the load required, the friction and resistance of the ma- 
ehinery inaladed. 

JTtt following is an extract from Bmka on Mills. 

The effect produced by a given stream in falling through 
• given space, if compared with a weight, will be direcUy 
as that space ; but if we measure it by the velocity com- 
municated to the wheel, it will be as the square root of tho 
•pace descended through, agreeably to the laws of ialling 
bodies. 

Experiment 1. A given stream is applied to a wheel at 
the centre ; the revolutions per minute are 38.B. 

Ex. 2. The same stream applied at the top, turns the 
■ame wheel 57 times in a minute. 

If in the first experiment the fall is called 1, in the ss- 
oond it will be 2; then the v'l : ./% :: 38.6 : 54.4, which 
■re in the same ratio as the square roots of the spaces falleit 
throngh, and near the observed velocity. 

In the following experiments a fiy is connected with ths 
water wheel. 

Ex. 3. Tha water is applied at the centre, the wheel 
levolves 13. OS times in one minute. 
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Ex^ 4. The water ii applied al ths vertex of di* wheel, 
end it revolves 18.2 times per minute. 

As 13.03 : 18.3 :: s/\ : y/% neariy. 

Flom the above we iofer, that the circumfereiices of 
wheels of different sizes may move with vetoraties which 
are as the square roots of their diameters without disad- 
vantage, compared one with another, the water in all he- 
- ing applied at the top of (he wheel, for the velocity of 
falling water at the bottom or end of the fall is aa the 
time, or as the square root of the space fallen through ; iat 
example, let the fall be 4 feet, then, Aa v^lS: 1":: s/4: i", 
the time of falling through 4 feet: — Again, let the fidl bA 
9 feet, then, ^16 : 1" :: v'O : J", and so -for any other 
■pace, as in the following table, where it appears thet 
water will fall through one Toot in a quarter of a second, 
through 4 feet in half a aecond, through 9 feet in 3 qou^ 
ters of a second, and through 16 feet in cme secend. And 
if a wheel 4 feet in diameter moved as ^t aa the watert 
it could not revolve in lesB than 1.5 second, neither eonid 
a wheel of 16 feet diameter revolve in leas than three se- 
conds ; but though it is impossible for a wheel to move aa 
fast as the stream which turns it, yet, if their velocitiei 
bear the same ratio to the time of the fall through their di»- 
meters, the wheel 16 feet in diameter may move twice ■* 
fast as the wheel 4 feet ii 



Height 


Time of 


Hdgh, 


Timeof 


rfthe&I 


UliDsin 


oflheM 


fclUngin 


in fort. 


^»dB. 


infbet. 


Mcomls. 




.26 


14 


.935 




.352 


16 


1. 




.432 


20 


1.117 




.6 


24 


1.32 




.567 


26 


1.25 




.612 


ao 


1.87 




.666 


Sfl 


l.S 




.706 


40 


1.58 




.75 


46 


l.ffT 




.79 


60 


1.76 




.864 
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FovER AM» EryECT. — Th« power waler has to produco 
iDechanieHl effect, is as the quaotity and fall of perpendicu- 
lar height. The mechanical effect of a wheel is as tho 
quantity of water in the buckets and the velocity. 

The power is to the effect as 3 : 2, that is, snppoae tia 
power U> be 9000, the effect will be 

_^9ooqxa_i80oo_ 

3 3 

Heiokt 07 THE Wheel. — The higher the wheel is ia 
proportion to the fall, the greater will be the effect, because 
it depends less upon the impulse, and more upon the gravity 
gf the water ; however, the head should be such, that tha 
water will have a greater velocity than the circumference of 
the wheel ; and the velocity that the circumference of iha 
wheel ought to have, being known, the head required to 

g've the water its proper velocity, can easily be known 
im the rules of Hydrostatics. 

Velocitv of the Whkel.^ Banks, in the foregoing 
quotation, says that tho circnmferenceB of overshot wheels 
of different sizes may move with velocities as the square 
tools of their Jiametera, without disadvantage. Smeatoa 
•ays. Experience confirm; that the velocity of 3 feet per 
»econd is applicable to the highest overshot wheels, as well 
as the lowest ; though high wheels may deviate further 
from this rule, before they will lose their power, by a given 
sliquot part of the whole, than low ones can he admitted to 
do; for a 24 feet Wheel may move at the rate of 6 feet per 
■econd, without losing any considerable part of its power. 

It is evident thai the velocities of wheels will he in pro- 
portion to the quantity of water and the resistance to bd 
overcome : — if the water flows slowly upon the wheel, 
more time is required to fill the buckets than if the water 
dowed rapidly; and whether Smeatou or Banks is taken 
w a data, the millwright can easily calculate the size of 
his wheel, when the velocity and quantity of waler in a 
given time is known. 

EXAMPLE I. 

What power ia a etream of water equal to, of the follow- 
ing dimensioDi, viz. 12 inches deep, 22 inches hroadf 
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vdocity, 70 feet in III «ecoiidf, and fUl, 80 feetl— lUw 
what lize of a irbeel could b« ^plied to Uiia (all 1 

■ ———■■1.83 aqusrefeet; — area of Btream. 

Hi" : 70 :: 00" : S67.S lineal feet per min.— veloci^. 
357.6x1.63—654.225 cubic feet per minnle. 
654.226x62.6=40880.0625 avoir, lbs. per minnte. 
40889.0626x60x-34e3343.7600 momentum at a M of M 
[feet 
«453343.7500 „., 

-——— =55.7 horae power, 

44000 *^ 

S : 2 :: 55.7 : 87.18 effective power. 

The diameter of a wheel applicable to Hub fall will ho 
K feet, allowing one foot below for the water to acape, 
tnd one foot above for ita free admiseion. 
6ex3.1410B>182.312S circumference of wheel. 
d0x6s860 feet per minute, => velocitj of wheeL 

nl.8 sectional area of buckets. 

360 

The bucket mnat only be half foil, thenfone l.SxSwS.S 
will be the area. 

To give aufficient room for the water to fill (be backeH^ 
the wheel requirea to be 4 feet broad. 

Now, .~m,,9, aay 1 foot depth of ahronding. 

i Sa giaa '*'^'^ revolutions per min. the wheel will make. 

Power of water . . =66.7 H. r' 

Effective power of do. =37.13 h. p. 

IKmenaiona fDiameter . . . b6S feeL 

of -< Breadth ...» 4 feeL 

Wheel. (_ Depth of shrouding a lfooL_ 



What ia the power of a water wheel, 10 feet 
19 feet wide, and abreiiding 15 inehea deep ? 
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16xS.1410-»M.28ft6 cirenmferattce of Wh«d. 
ISxlJ— IS Bqmtra feet, ■ecttonal area of bncketa. 
40x4=240 lineal feet per minute, = velocity. 
840x15^3600 cubic feet water, when buckets are foQ; 

when half full, 1800 cubic feet. 
I800x62.&=112600 avoir, lbs. of water per minnte. 
112(00x16—1800000 momeatum, falling 16 feet. 

8 : S : ! 1800000 :l 

44000 



Bccun. — Ths nmnbcr of bodrta to a lAad duold ba ai finr 
M pcKKbla, to rMun the greatcat qnantily of water i and their moollw 
foly inch a width at to iduit tha reqnisle qoanli^ of wakr, anA tt 
tte una time nAdent room to allow the ail to Mcaiie. 

Thi Cox>n>iGATioa or Powta. — Then ire no prime uorara at 
machinerj, from which power u taken in a gmtar Taring of fbnna 
tikan the watat wheel ; and amongiach a nombra then cannot bil toba 



E> mantian one i^ the wont, and moH geneiaUy 
•dopted. Tor driving a cotum mill in thii neiihbonrhood, then it a 
w^ei wheel about IS feet iKoad, tnd SO feet diunalai ; then ii a div» 
Boa in the middle of the backets, upon which the eegmenta are bolted 
round the wheel, and (he power ia taken from the veiteii from thhi 
eiToneoQa ^ipfieatiDn, a great part of the power is loet ; for die weight 
tf water npim the wheel [mana egunit flie axle Ih pn^oitioa to tlM 
Wjbt»iiee it lua to o*«Teome, and if Sue axle was not a my laiga siaM 
af wood, with Toy alrang iron joomala, it coold not ttand die gTeat 
■tnin whit^ ie npon It 

The moat advanlageoni part of die wheel, &om which the power 
een be taken, ii that point in the circle of gyration, horiiontal to &a 
centre of the axle ; becanae, tikifig the power from thi* part, die whcds 
weight of water in the buckets acts npon the teeth of the wheeli; and 
the «xle of the water wheel euflen no Btrain. 

The proper connection of roiehinerr to water wheeli b of the fliat 
uapeetaBce, and mi«management in tlui partiffalar point ii oiten the 
canae of the journals and ailea (tring way, beaidea a ~~ '*" "~ ' — 



Beqsimd tbe ndini of (be oircle of gyntum in > walet 
iriieel, 80 fMt djamnter ; tbe wei^t of tbe arrat Mag i% 
MU, ahniading SO iom, tnd wnter 18 low. 



10 feet diameter, nditu^lS feet. 
8 20x15*— 4500x2'=9000^ The oppMite tide of the 
A 12x16* y vster wheel mast bs 

5 900x2-1800^ taken. 

W IBxltt*— 337S — 337S 



which ia ISy^ feet, the isdiae of the circle of gjnration. 

PUMPS. 

There eie two kinds of Pumps, Lifting and Forcutg. 
The Liflinff, or CDtnmon Pnmpa, are applied to wells, iu. 
where the depth tloes not exceed S2 feet ; for beyond thia 
depth ihey cannot act, because the height titat water is 
forced up into a vacuum, by the pressure of the atmosphero^ 
is about 34 feet. 

. The Force Pumps are those that are need on all other 
oeCBsions, and can raise water to any required height. 
Bramab's celebrated pump is one of this description, and 
■hows the amazing power that can be produced by such 
application, and which arises from the fluid and noa-con^ 
pressible qualiUes of water. 

The powerrequired to raise water any height ia eqnal to 
the quantity of water diseha^ed in a giren time, and dw 
perpendicular height. . 



Required the power necessary to discharge 176 ale gsl- 
Ions of water per minute, from a pipe 262 feet high I 
' One ale gallon of water weighs 10^ lbs. avoir, nearij. 
176X101=1799 X862=4B3348 

-j^^=10.3 horse power. 

The following is a very simple rule, and easily kept ia 
remembrance. 

' 'Square the diameter of the pipe in inches, and the pn>- 

- dact will be the number of lbs. of water avoirdupois eoi> 

tained in every yard length of the pipe. If the last fifor* 



of the prodnet be cut off, or cDnaideied a dscimsl, thft re- 
maining figBTM will gire the number of ale gailons ia 
each jud of pipe ; and if the product contaiiu only one 
figare, it will be tenths of an ale gallon. The onmber of 
ale gallons multiplied by 2S2, gives the cubic inchea ia 
each yard of pipe ; and the contents of a pipe may b« 
found by Proportion. 



What qnontity of water will be dieebarged from a pipe 
6 inchea diameter, 262 feet perpendicular height, tbe water 
flowing at the rate of 210 feet per minute T 
£10 

&*X~s~=n5 ale gallons per m^ute. 

352 
B*X'7p«''^^<'^^>'* v&m ill & pipe- 

2100X210 .^^ 

• — jjjwM =1" horse power required to pump xhM quan- 
tity of water. ' 

The following table givea the contents of a ^ipe one inch 
Id diameter, in weight and measnre ; which aerree as a stand- 
ard for pipes of other diameters, their contents being found 
by the following rule. 

Multiply the Biim{)era in tbe following taUe agunst my 
lin^rt, by die square of the diameter of tiie pipe, and tm 
product will be the number of cubic inches, arMtdnpois 
ookloM, and wine gallons of water, that the giren pipe will 
Ctetaaa. 

EXUIPLE. 

How many wine gallons of water is contained in a pipe 
6 inches diameter, and 60 feet long t 
3.4MOXB0-1 88.iae0wiiie ^BS. 
in a wine gall«n there are 281 cd>ic inohei. 
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JMVT 


3 


1836 


10.93 


J)816 


3 


2e.S7 


16.38 


.1334 


4 


87.70 


21.86 


.1632 


S 


47.13 


S7J1 


.3040 


6 




83.77 


.3448 


7 


66.97 


88;S3 


je42S 




76.40 


43.69 


.3364 


9 


84.82 


49.16 


.3671 


10 


94.85 


U.6S 


^30 


20 


188.48 


109.34 


.8160 


80 


ses.74 


16338 


1.2340 


40 


876.99 


S1S.47 


1.6800 


SO 


471.24 


873.09 


3.0400 


60 


6SS.49 


327.71 


3.4480 


70 


669.73 


882.33 


8.8660 


80 


763.98 


436.96 


3.3640 


90 ' 


848.23 


491.67 


8.6700 


100 


942.48 


646.19 


4.08OU 


SOD 


1^84.96 


1092.38 


8.1600 



The resistance aming fiom the friction of water flowiof 
through pipes, &c. is duectly as the velocity of the wstart 
uid inversely ss the circnrnference of the pipe. 

The data given is a medium, and which is ^th of th» 
whole resistance; this is the standard generally b' 
being considered as most correct. 



What is the power requisite to overcome the n 
and friction of a column of water 4 inches diameter, 100 
feet Ingh, uid flowing at the vehMity of 800 feet per mi- 
■vleT 

S46.19x4> 
j^ B-546.19, say B46.3 

540.3x800 

— 7jg5Q — =8.7, Jth of which is .7, theielbre Utt powar 

required to overcome the r«sistancs occasioned by th« 
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weight and friction of the water will bo 8.7+.7-B 4.4 H. P., 
■ay 4.0 hoiBe power. 

EXAMPLE II. 

There is a ciatarn 20 feet Bquare, tmd 10 feet deep, 
placed on the top of a tower 60 feet high, what power m 
requisite to fill the cislem in 30 minutea, and what wiU be 
the diameter of the pump, when the length of Btroke ie 3 
feet, and making 40 per minute ? 
80x20x10=4000 cubic coateute of cistern. 
4000 

=188.8 cubic feet of water pet minute. 



44000 
isBB2.27+ll.ll»13.63 horse power required 

«x4o3r-'-'X'"-^_,U.7,.o, 

v'311.7'~17.0 inches (liEimeter of pump required. 

Fdundcn generallj pioTS the pipes they cast to itaud a eertun 
preasure, which ii calculated )jj the weight of s perpendiculai eolanut 
of water, the area being equal lo the area of Ihe pipe, and the bd^it 
•qoal to any given heigtit. 

To aNeitaia the eiact preaaore of water to which a pipe is aobjecta^ 
a safety valve ia used, geoeralty of 1 inch diameter, and loaded with > 
wei^t equal to Ihe pnsmiie reqniied : foi example, a pipe lequirsa to 
atand a preanue of 300 feet, what wei^t will be reqmied to load ths 
■afe^ valve one inch diameter? 

7*M. Ineliei. Onncgs. 

SOOX 13— 8600 X ■7854- 2827.4400 X 1000 

17S8 ~--r^-tOSlba.4iofc 

wcigllt required. 

Each of Ihe wughti for the aafety valvea of theae hjdrofta& proriag 
maehinea are generally made equal to a preesurs of a column a water 
SO feet high, the aiea being Ihe area of die valve. 

GO test of preasure on a valve 1 inch diam.- 17J>6Ibs. 
50 do. do. da, 1} do. -36.60 do. 

SO do. do. do. 1^ do. — 3B.38do. 

CO do. do. do. . 3 do. —38.24 do. 

In pnn^g, there ia tlnaya a deficiency owing to tha eseapa mt 
' mterthroagh Ihe valvea; to account for thia loaa, there ia an aUowanos 



MS nun. 

«rs Ib^m to OMti itiohe (rf puton tod : i>raxun|ilci,a thnabattbdM 
bm; b« eatoihMd at S feet S indies. 

Them ii ■ town, the iohabilants of whick uaount la 13000, Bud it ii 
propoaed to nipply it with wmtcr from ■. livei roimiiig Ihtough the low 
fKMm^ 2ED peipendiuilu &et below the best ntnsliDn from tlw 

It it Tequired to know tlie pcwei of an eogiiw capible of lifiiiig a 
•nffldent qoanti^ of water, (lie dailj Hiiq)ly being ciuciilated at 10 ab 
gallou to Mch iniiTidiial : aleo what nze of pomp and p>psi tie leqti- 
ritefraiDchl 

I3000X 10-iaOOOO galloiu pel day. 

Engine ia to w(uk 18 houn, — —— 10000 galloni per kom. 

— ——••166.6 gillonj per minute. 

The pmiq> to haw an eSedhe itroke of S| feet, uid iBa)dng 90 
■trokeipei minnte. 



160.6 



.6.6683 gallons eadi itroke. 



3B3 X e.i-.1079JI CQhie fatdiea of water mA atroke. 
1579.3 

« foet 9 ind«.:ie5:-'«-> "«*^ "^ <'P'™P- 

86,1 

■^gj— 44.7, Ihcnfim y^ 44.t— 6.7 diameter of pomp. 

The pipea win require to be at leaat the diameter of the pump ; if 
Akj are a Sttle more, ^ water will not reqiiim to fl*w ao qnuUj 
ftrw^ diem, and thereby canae leaa friction. 

This power cJthe engine wiU be 

166.6 galL >; 101 lb. X S60 leet -. 436S35 iw 
496086 
' 440 00"''''''' *^ I-nli— 11-M hone power. 

-I8J, -ie.» do. Watt. 



S3000 
436836 

" 37600 " '"^ "^^ — iB.e do. DttaguKfn, 
486836 
. 83916" 



-18.6, —33.33 do. Smeaivn. 



,, Google^ 



